; e3en) $@NJ6TI S 7vWO 02/ 1-11115 PCT/ EPI 1 1/ 38111 Retaining ring for _ !
chem cal - mechani cal polishing head, polishing apparatus, slurry cycle ( A
system awaopihndd The present invention relates to an appaTamsognd to a-

met hod for fabricating sem conductor wafers and, nore particularly, to
chem cal - mechani cal polishing (CW) M|mwchanical pol i shing (CWP)
renoves material fromthe top Iayer|mwmmMMMﬁ n the production of

uItra hi gh density integrated circuits (iggsead of "polishing”

"pl anari Zed@niptiiomal so used). O ten, the top layer is an oxide film (e.
g., silicon dioxide), but other materials can al so be removed. In a typi cal
CWP process, the top layer of the wafer is exposed to an abrasive nedi um
sunder coﬁﬁﬁﬂﬂnﬂﬁgﬂﬁﬂﬁQxﬂorFﬂhﬁﬁ&ﬁ%ﬂ wetheanigal apdlishpegaheed, cpadiiti ons.
ConventhﬂﬁJEng s M e di & 1 s Pé“ényfﬂluéhQ”ﬁe@HQ gpol i shing pads.
The slurry sol utions generall'y contain rasive particles (e. g.
silicon dioxide for oxide polishing} and chem cally-reactive substances (e.

g., pot amwrpﬁwmlﬂﬁrérwl&%uﬁ@lms sthb Ngh) - aﬁb@r@@hsSahagt@adsméﬁﬁod
general |y, %ﬂgﬁa- qg_nade from relatlvg % porﬁus mat eri al is bl own
pol yur et hate %&n?%ﬁﬁ?&Piﬁx JCheyPaF5d 20 taFﬂrﬁbPQEF%ﬁugﬁF Yel es.
Thus, wher tdiesnpiach Jaml adtan s Wade) i stoines (EMP)  espect to each ot her,
material is removed fromthe top | ayer mechanically by the abrasive

particles in the pad and/or slurry, and chemcally by the chemicals in the
slurry. |Ghamecagomsthanicals ao kihtng of CNPdusemyyest masedéalr fbbe the

mnimzed ofy I M r CHI WO
U2/ 1- 4(11§Qp Q%¥QEPcnlog%%%9%hé?e oréﬁﬂéﬁégglg% %gn%?g?gngﬁgﬂ éﬂ%Laccgrately
produce a&RFEHERA [ﬂ%ﬁﬁﬁl%ﬁnf%ﬁﬁﬁQﬁdt¢ﬁeTE&#%%@é@gbecén%@nﬁrlﬂétlpaﬂ,

]gzxa[rﬁl e, fllsmolrécfmxsécgt acsid et el yhd ogals 2 t #—nﬁgga?foﬂ?égf&lﬂa%f@ns in
urther fabr.icati S ensi of in egrated circuits

i ncreases % QQ;é%qﬁﬂﬁﬁebéﬂﬁﬂégh%FdW% ?%?yc?Bc%is?hEecF??Pﬁﬁﬁ

di nensi ons tofpitdel CIME pitoqedd ertthd d:diptl@j?efhafl BhéOwlv&feﬂCQSOéxposed

appr oxi el 10 F ng, the circuit patterns to

ot%§‘£6¥5496%“%é53£% 4&5@r co %Féi#%% ?hﬁﬂéﬁa%hepﬁ?ég

such snal erances, however, 1S ver YhEe bet ween
t he IithogﬂéEWWXMnﬂqﬁnﬂﬂmRﬂnhtwﬂﬁsnmmdenQﬁSth@omméetloaaleabbesauee t he

top | ayemeirf aggi &aéﬂ%lmﬁ Uit fodladng IpofPLniNG gRAL! catlon of WP

and for prior art designs, the tollow ng references uséful: Unites
States Patents 5,205,082 (Shendon et al.), 5,533,924 (Stroupe et al.),

5,577 OQﬂm(@mdﬁﬁy 1@ ions y&2d 208, é%ﬁ%@@@)sm§1§35a9§§s£$éeb¥999| et
al.), 43 061 Jackson, et ald%ﬁ”EV§64 988 20 (Stroupe, et al 664, 990

(Adams et =5 > Fy0, 180 (Sh 21fgr ox @]Zlﬁ%%%ﬁéra’é T‘eﬁnl‘
5, 755, 611ba(mq/a-meaeitzate ) gl R 3 9( dh@k,asﬁswbas@iural hydrox762, B44 OZtRi ga
et al. tbrie) 5,803, 799 (Vol odarsky et al.), 5,857,899
(Vblodar y et E%E) 5 868, 896 (Robi nson et al.), 5 879, 226 25 (Robinson),
5,882,243 (Das et al.), 5, 948 204 (Maveety et al.), 5,993,302 (Chen et

I 6, i(d¥pgah
Eurépeanqg%h%%%f'docungits EP 0 <ﬁ§§%4Iﬂg%ﬁégﬁéﬁgb%&%tﬂé?é fﬁégy% %39 433
B1l (Hi r od@teivVediy poymsis nafenigyl g owr mlyurﬁrh@n%esae@oth@ Al

( Vol odar g0l ieshialg Jpeand neQ %M&Bwnﬁml@w@éwé partidleks therefore a
primary objective of the present invention to inprove the uniformty of the

pl anari zation process during chem cal - nechani cal polishing of ,e.g.,
seni conditusr, wdfeer $he8%pad and/or the wafer moves with respect to

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

J In the competitive semiconductor industry, it is desirable to

minimize the number of defective or impaired circuits on each

RN
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wafer.




The object is solved by a retaining ring for encircling a wafer in a
chem cal - nechani cal polishing apparatus being cha WO 112/1.1111s 3
PCT/ EP11WQ0B8G0S racteri zed by a U shaped cross-section, ®ar&EPpi/ORgIhavi ng
an outer wall and an inner wall that enclose a partially open chanber :
adapted to apply a pressurized fluid to a polishing pad of said apparatus.
5 1In other words, the retaining ring (for 2carrier head that polishes wafer)
conprises generally an annular body with substantially U shaped
cross- sethevrfoae,i ONEr mewtl aonsisheodtler agw faaraaicte ly growhecdet ween t he
sur faces ;he sirs " gﬁ%}f e F R 83 ez @d s huter- lengudde; wafer pgri phery,
i.e. the warer edge. chem cal - mechani_cal” pol’i shi ng apparatus with
.pol i shi n§*pE®18nd 1pBIOrSaNEg tke 8¢ cliré teddeifpE Umafdle afthd® tbl L N@iEr 15
agai nst padrechas Mot FuRicher RGN0 tedd) head mndidos SUf ropnt, waf er .
Ri ng has an open chanber to distribute pressurized slurry to pad and to
-per i pher §e8F k&L CIEAYISS dRCKGATESd dnpS SBLep m%ﬁ‘rs%%abd% i H'$Ur T ace
an](cj a _20té|&§/aifﬂ>iclﬂ1% feihieg cerigdged ﬂiﬁd&ﬂdi%r&lgm)rﬁﬂhdlg:i&tﬁdjaﬁq:éﬂtefm atd tge
waf er in ce. e retai.-ning ring i.s_shaped . suc to .carry urry an
nas an | RRGFSE.Fae & KA1 STRE Wt SPPBI Stead 1 A har e (oS 11 but e
slurry irdum)a cl earance between the wafer and the inner surface. 25 A
nmet hod for operating chem cal polishing apparatus conprises the follow ng
steps. placing wafer on pad, thereby surrounding wafer by the retaining
ri ngt0 andogysiyion§hel @imruwilr Pagh e reh &tb&uahi tsial Ir ik etianres nghewe pad
and to spage hetweew 3 frmnen tdhaRB! ehesS Wifach @ dddigeadReri phesy of
wafer. ' Further advantages and aspects are evident fromthe dependent
clai ms. FLPHY ERvdmredt wnd the seridcsufferttiodp it reerendeesdyse
enbodi neahe taken ayrrCRrifacid ar Woth WrEEYREYY igltrtiaw ngs, wherein WO
W2/1.1US 4 PCT/EPUL/USGL1 FIG I ABillustrates a sinplified side view of a
chem cal ( nechani cal polishing (CMP) machi ne according to the present

15 For the application of CMP and for prior art designs, the

following references are useful: Unites Stateg Patents
5,205,082 (Shendon et al.), 5,533,924 (Stroupe et al.),
5,571,044 (Bolandi et al.), 5,624,299 (Shendon), 5,635,083
(Breivogel et al.), 5,643,061 (Jackson et al.), 5,664,988

20 (Stroupe et al.), 5,664,990 (Adams et al.), 5,700,180 (Sandhu
et al.), 5,707,492 {(Stager et al.), 5,755,614 (Adams et al.),
5,762,539 (Nakashiba et al.), 5,762,544 (Zuniga et al.),
5,795,215 (Gutbrie), 5,803,799 (Volodarsky et al.), 5,857,899
(Volodarsky et al.), 5,868,896 (Robinson et al.), 5,879,226

25 (Robinson), 5,882,243 (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 as European and PCT docu-
ments EP 0 548 846 Bl (Shendon et al.), EP 0 589 433 Bl (Hi-
rose et al.), EP 0 599 299 Bl (Okumura et al.), EP 0 786 310

30 Al (Volodarsky et al.) and WO 99/58297 (Perlov et al.).

It is therefore a primary objedtive of the present invention

to improve the uniformity of the planarization process during

chemical-mechanical polishing of ,e.g., semiconductor wafers.
35

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

fer in a chemical-mechanical polishing apparatus being cha-



I nvention, the nmachine having a platen, a polishing head with ( 5 a
retaining ring and a resilient nmenber, as well as a polishing pad with
slurry; W@2/PAE il lustrates sinplified top and side vi ewBCHEPAl/tater
having a top layer to be polished; 10 FIG 3 illustrates a sinplified plot
of top layer thickness versus coordinate X - after polishing; FIG 4
illustrates - during polishing - an unwantied edge ef 15 feet by a sinplified
and partial Cross-sectional view of the wafer, the pad and a conventi onal

r et ai ni ngactag;lzEdGoy5ai U-shtpate srosguisiand ool i stiny riren hapioyement by a
simplifi d tLal 0ss-sectiqnal.,vie t-he . d, the
resili en?gtr:r%%b‘évrgﬁgnéﬂg rg(%lt g?lﬁl;%%gwra :igg tzgl\cégo\rgél%ﬁ'é) to a}tﬂﬁ%a%trleésleﬁ 2clg)%é\}?alnti on;
-FIG 6 ithawbeat adantsdnplo ficepd vt 6p prieeruati za9e flatigd Mg reglgl slvised ding to

the presgnoly LRVER§HOBppAR @&, 7 illustrates a sinplified block di agram of
a slurry cycle systemusing the retaining ring according to the present

‘Inverition; 30 FIG 8 illustrates a partial cross-sectional view of the
ret ai ni ngnr begeRavor@dsa ehanberairihoaniald erfiat ics-rshapaicad!hatd po-
illustrates, a par %i al. cross-.sectional ﬁ\éi ew of the I et ai ning r.i ng%ﬂsayi ng a
chanber WrtHSS MEFERer CRIMPEATES FETSHAS Yp&r A1 k0 65 - WS
PCT/ EPI 1&teBtiallfl G-shaped ustoss-eecdk ivingwar amriet aufaddie artaiipeng
ring wt | t ati I 4 face. Si i e i rdi nate
Cyatem x922aRec Sh80 B KR oLt betedil En e i e R S LB SRR
Y- axi® gpresenrszele spagey addnchéhg axiferymey ighgay ght -sharkhelwgfeThe
terns "ugéggnd "down" are conveni ent synonyns to indicate positive and

ir

negative ection senses along the Z-axis, respectively. 10 Were
conveni ent, sone views al so use polar coordinate system QV with radius Q

3”?- angl f M?ﬁﬁ@Eamgﬁﬁ@%?%i@aleﬁala@ﬁﬂﬁ,aﬁﬁ’&ﬁra(llrdﬁgiviﬁ.t%\{ ;k@lthsﬁmg ep®di S

erl ne as e_center e warer a e 10 r. st e

CTanstor 286! BRI EEMEE BeailtE rar e G AR At (T T e, .. Pytha
15 g afs:agbhlaetegsads)i Enasomerma&'in:img‘ uncig drra:_s)eng‘lélm tveirtrh "lwﬁcéra'n&ttzm_ds

col lectiyely {85 %&e&'.a%&lg‘"%raﬁ %ne%%e@la‘éﬂ%b%xt P, | QY- 1 08 pOLS shed.

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 wafer 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 advantéges 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



20 Preferably, the work-piece is a sem conductor wafer. However, it is
recogni zed that the polishing technique according to the present invention
can be apy0»Zthotd a work-piece not limted to a sem conduBCHEPNEISSEL such
as to a conpact disk, a liquid crystal di splay etc. 25 Subscript indices
are "W for "wafer"” and "R' for "ring". A glossary of Synbols is provided
at the end of the specification. 30 FIG. WAB illustrates a sinplified

di agram of CMP machi ne 101 according to the present invention conprising
platen 120 (or "turn table"), polishing head 100 (or "wafer carrier"”,

rightgoi pgchayghl E‘Q)lal‘@ttzj?;ltr &l %L' @1’?@31r 'ﬂ%dzoﬂcfé)cbl(é&féf %'%M&fl ng), as

wel | as polishing | urry . 35 1Inthe followng, reference
.nurrer al smsebanagﬁl polétsénnar e<q1){§?éd anefaecrqq%l% &P riei PR PRERF ng

accor di ngnﬁr@nﬁ:"ﬂ@npr %he WA @At 15 Ry %Cﬂl%l%]ékﬂlcbg%&lllﬁﬂﬂg | W2t Dk
Details are exEBal ned in connection_wth Fl 5-7. According to the

.present PnYEREEBANT FAGREEhES r&r‘r”@“seﬁgpé“ 11 @] preferddiy PetiTs

asymet r shingRbag 3Q@rhadwutygr and inner walls (cf. FIG 5 for details)

that en . 5 close partially open chanber 350 adapted to apply pressurized
fluid (preferably slurry) to pad 140. Reference nunerals 200, 201 etc. are
used wheRIfBef 8RB rigluxsta:act@rwaimmdaﬂiadettaimiatgirsii@('\cieWﬁcEf d)wafeG 1

illustraylO;tes,r LY, aHﬁ{(iary view on the left side of FIG
1B t hat mullél%rep:tg%e %%e(%n ustr 1on of ring 300 in FIG 1A Usually,

drl\ﬂeoassenbly 191 rotates platen 120 as indicated 15 by arrow 1, or
reci procet@s B' atans%%%tfé%cls anhd1ariie el ddicatesh Waﬁéf%:?ckz‘f@@@ 100

may be a wei ghted, free-f oatlgafcarrler or actuator assenbly 192 nay be
at t ached VEESH&f EPogaimase Y00 BEF4SH RPYEMInEi al and rotational notion, as
indicated by arrows 3 (Z-axis) and 4, respectively. Wafer 150 IS attached

t ilient 34 .. b kk I t d f

150" and FoRer Todiiust tpsrs s shal B0 P MO IEr 2 e 980 58 - hond
100,1%spéecal by dusiimgpldtdrg rpdvafaartsialf diresmngpd et ol vBewpooﬁrthg apply
vacuumt g tf@; wa%}gr é"?i%é" IaJ :‘&HRV& lhé%ghﬁeadgaj_%gﬂlﬁrﬁﬁ erefore not shown

for S|an|C|t prevents t rectTy touches backsi de
152 of wafer 150. 30 By surrounding wafer 150, retaining ring 200/300 keeps

wafer 15@1kel awihead thte N NEAZHSKDS 1maaaﬁggov&&@lim @l&&n&l@ieﬁ*%d as
t he di stance b%tween i nner angul ar surface 2

301 an er a
surface $89PIg31eH FGDHRY ELIRRT SERF I3 Yb‘%%roguu]?%c‘%a

20 pad, the resilient member and a retaining ring accordlng to

the present invention;

FIG. 6 illustrates a simplified top view of the retaining
ring according to the present Invention;

25
FIG. 7 illustrates a simplified block diagram of a slurry cy-
cle system using the retaining ring according to the present
Invention;

30 FIG. 8 illustrates a partial cross-sectional 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 sha-
35 pe; and



WO 02/ 1-41115 7 PCT/ EPI 11/ (18111 According to one aspect of the invention
details below, ring 300 touches pad 140 by a | ower surface 304 (cf. FIG 5)
that is, 8 0dipared to surface 205, (a) smaller and (b) IPEF&POLOFHDI
distant fromwafer 150. 5 In the operation of CVP machine 101, wafer 150 is
posi tioned face-downward with top | ayer 154 agai nst polishing pad 140. As
waf er 150 noves, polishing pad 140 and slwry 144 renove material from
| ayer 154. 10 Since the inner dianeter in surface 201/301 of ring 200/ 300
is slighFLE.l d0ged lpstgatesy a0 v2dew Z0ram [Helavetat sHeanetrimen Ti3s) t han
the waf ef,;dianet en +(&r@tiv208 v [aF1l36 ("clearance” C) between ring
200/ 300 and water periphery 153 15 occurs. An unwanted edge effect rel ated
‘to gap 136 is further discussed below. Ring 300 is pressed to pad 140 by an
adj ust ablge qdown =@l Gftie (RG-tRISSHIIRARBIALE iy didig 3300, tithRask 1¢fed 5-
t her eby gL 0 stribuyted sggftantuall equal |y acr.oss, An, estinmatjon about
‘the V&l uél6F OFEIEUTS orde i%s iiieF9Se i w1 HEWHI B i on of
FIG 5. Baes@ageqf a3l Ithd 1z -tdhd sardoesampmd|tisiht Hearciwuitd or CFhaM tdwonig t he
need of further gex,%J anat ia(_gcr%5 hernevi n.23 FlG_ 2AB [ IA ustrates, i n, rtel ation to
both, coor#i nate systahs 28 it FeF tof LAY Shd i ](39685 W™ of © waf er
1.50. Wabed hegaits vehduredtiomperansser yaliB8y ithd d texvd ewsrespedcopvebyer 154
(to be polished) and backside 152 in the side view only. 30 Wafer Z50 has a
diameter DW(e.g., 300 nm. T stands for the thickness of top |ayer 154,
and 1@ st #heyef gonvieaimitok mese ofleWfads ol 3 e lderredrdsiatace of top
| ayer 154 apdnbasksiids Yolius d Sl famptd an o miehdbedgsuring T
(al ongsi de %§XIS, i's gﬁﬂl known in the art. Variations of G are not rele 35
vant her EXPLaRatIoN . AhSs OF 1EH UdeEY TS 319 19efined &5 - npli fi ed
%t gf _b@lmé:le?y@’f tug;flwamoo By im}eﬂawz; m&i}aarls.l _(m?})stv@gi mm@mﬂhm@?x (in
obt ai_ned.for. a = mm.waf er ter polishing with conventi.ona
et ai ni nGAR RS 60 TRILLETIR B Jio TRt SRR 101t nle s R of
FIG1S, goghe'Vtheormmy,; sdind lcar adsinld sfwert bt ai ned for other V and
for averaging V over the whole circle. The sharp increase in |ayer

t hi ckness T towards the wafer periphery is unwanted.
The term "wafer" stands collectively for any planar work -

piece having a top layer to be polished.

20 Preferably, the work-piece is a semiconductor wafer. However,
it is recognized that the polishing technique according to
the present invention can be applied to a work-piece not 1i-
mited to a semiconductor wafer, such as to a compact disk, a
liquid crystal display etc.

25
Subscript indices are "W" for "wafer" and "R" for '"ring". 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.

35
In the following, reference numerals 300, 301 ... etc. are

used when referring to a retaining ring according to the pre-




10 FIG 4 illustrates - during polishing - the unwanted edge effeet ("edge
exclusion") by a sinplified and partial view of wafer 150 (periphery 153,

| ayer 15400 0pa#h1340, and conventional retaining ring 200 (POOVERICe$:1201,
202). FIG 4 is intended to be an exanple, the edge effect can express
itself 15 otherw se too. As illustrated, the edge effect causes ripples 149
on pad 140; in other words, the pad surface locally shifts by displacenent
S with respect to the XY plane. For exanple, as indicated in FIG 4, within
gap 136, sl@ad: J;i4ﬁremmiem u;ﬂ@rahsls{msétéxgelasmedaelmWMMtiﬁﬂ aithhe wafer
peri 20 0 RV
downwards (negatl veﬁhgccgcdl gtaér"-{-_trﬁ%"f%zérﬁ%}ﬁ %o%\gem%niz]g &% ? rr]?y presses
to top | &elU-Ehans aueiS)le TireiRmyakely ecit ch ww@@u@edc) foRllégah@De (i)

by forcesd BuARd MM mlana)aresulds nw@ Orgtﬂ?rrc?é@ail@ oy gEest, - bet ween
head 100 and platen 120 (cf . FIG 1) and (ii) % ferent pressures

that 7in§56¢ HFiareY REmphaley BaP 1@@?11125 .i?%c%pm pPragsyyirethe
non- uni f @i SRS, s Therpr esswal betoveen pad 140 and | ayer 154 is
al so non-uniform Hence, the material abrasion becones non-uniformtoo;
material is better renoved fromthe periphery zone than fromcenter zone
(cf. FI GRefemmce viwenselrs®00, T ledgetef f ect nisght wheke rdferwdfier to

peri pher yi t it cujits. \AY/ 15 9
PCT/ EP11T /&‘gjé’é%?’et@%u tluaete)ése”I g, ﬁrg%eééeff eﬂé 4 g. 5 LG s%)l %%%Arr&é%%g

pr ess@r e teghrEgich R Glatail h &y pirerauxdoriereteigw dapdri'de oft exadpl of on the
hardness pafe pag M thaad SUPIR G gaRddbe A dhe{shatbye; peed

bet ween waf er 150 and pad_140. FIG 5 1llustrates - during po |s ing - an
i mpr ovenEn -byPa sinpl i fied and partial cross-sectional view of wafer 150,
pad 140, resilient nenber 134 and retaining ri ng 300 according to the

present | ve tion.. The XZ the sectio | ane, 10 Simlar as.in the
prior art® 305 s aﬁﬁpeé[?brﬁénrﬁﬂ]ar rfpteR P kR 0 2% ahiyefcated

ort hb@ona:lyi yartdeer €t,0, oﬁ mmn;swcfm bt Surfar i andrfogelshapetinand
subst ant i gl f%*fféo%h’ ce 304 touches pad 140. Tn contrast to the prior
art, ring as |nner annuI ar surface 301 that, preferably, does not
extend to pad 140. Lower surface 303 (substantially orthogonal to 301) is

| ocat ed aRQVve 1RARA 4P Eph@é'h.%té}g itedd A d %?lé% %O o ?agi:é-&g—

Channel 360 is forméd bet ween surface 303 an ower
sur f aces 864 358%™y dd eyt QR Rpitadrt tcﬂr*r@rfemqffgr%@rhla%o chanbBr 350

(" grooVe'phrtoax@ains With rdud sl zesk fdni s Rreiedady by hhsréhsti g is
slurry 14 but f|UI that i S substantlally not bei ng abrasive can al so be
used. 25 GoRF eRAY 4 FIFESREH S ustrates slurry inlet 371 for
supplying slurry i nto chanber 350. A slurry outlet (simlar to inlet 371)

is ill RL.G h
:oZrlsonugw ?I(eﬁ:ldlllsrbn e gcrat e?—%r exrze?%[lsl L}P{XHQT e p?le%gﬁ?g%l ] edbn%%r 350 is
regul at e&img £idmmp pa{swqd Ieteveszy v(a;ﬁer RIS and akevdy suybiee. 132

Provigli ngfi MeRld 30b .amb014 11 1A% ala¥ fafe 30T dsyubpiantéghdyidMy

parall el to pad %4(3_2 is al so possible.
during c ging wafers, for example, that temporarily apply

vacuum to the wafer, are well known in the art and are there-
fore not shown for simplicity. Member 134 prevents that head
100 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 surface 201/301
and outer annular surface 202/302. Ring 200 touches pad 140
35 by lower surface 205,



35 Viewing the cross-section, ring 300 appears as an asymetric U shaped
profile having base 353, outer wall 352 and inner wall 351 (short wall).
Val | s 35wanz1B52 are partly limted WO 02/ 1~01S 10 PCTPEPEPII/@8A 11 by
surfaces 301 and 302, respectively. The shape of chanber 350 is not
inportant; its illustration to be rectangular is provided only for

conveni ence. 5 By having slurry 144 pressed w thin charnber 350, slurry Z44
propagat es t hrough channel 360 into gap 136. Resilient nmenber 134 prevents
further propadangonoobns] wepeci4df Hher ebwerttheomprasssaurles e bvanteind5s0 i s
subst ant g} %’o?gﬂélsl agl' t4ro' tﬂljﬁ%dl w%‘}tsqlx%%el%%cl FR:rfest@at %Cause
pad bendi ng e reduced. € pressure across t

-made noré%nﬁﬁor:ﬁrﬂwr@rimtrﬁ AxdadepRiSs (kar gmadlen agif pdp) ske %t%%d 140.

I n ot her nweEdg:i sk BnEORRR} SRFLO 1igte prior art (cf. ring 15 200), (i) the
pad touching | ower surface (cf. surface 205 in FIG 1 vs. surface 304 in
~FIG.55) is located nore distant fromthe wafer; and (ii) gap 136 is
pressg_ri Zﬁdtwia':]bpbh:ﬁitdo(nj of. CMPUI‘nfay:)hilln'Q"IQﬂHb,y,wafmd 1530 %?ip‘tgsi&ﬂgné@o_
according_to the ent enti;on al l.evi ates the edge effect g ring
20°300 1 £2HEHOWBBEERY WHITT SEM (VSR et AR A St GRSt T Ol us
coordi nahe @lieral$® hovals,predsuate o gadiafddr aﬁﬂ)skuqnuiﬂﬁ@:bsmmwes
SUbStanth?EE%lbﬂd%B%ﬂpﬁ &,ﬁg(yg4rad|us coordinate Q 25 Preferably, ring 300
is made o astic or ceram c.” Convenient values for B are in the range

bet wekn 10 and 15 nm Height His preferably, larger than wafer thickness G

(cf. FlIGgiRcef tp® &%e&aﬁ%ﬂe@e&a@fﬁls@@fac% efer Jy of1 AL Ged 36@! at ed
by a Hto- arLat o_.in_the range between 05 to 2.0.. 30 & her values can

al so be u8e Eh¥ntPERES dbode, @sﬁ mm%QNW¥%%1t@ﬁ?%ﬁﬁugwebﬂer
downf or cevER (ekBY a&ant eheadak4d) disngivean. (R S U k) Otdees {6 ces:

up- force lied 144 counteracts on 5 domn f.orce
appl i ed th Piggﬁa%?r Z ;éer%’rﬁ?@r W £ itos&foroorﬁ f"\?r %(P%W%%FY4
Conslisler bngurke Bur baman&re@asdgfer @fdtedthate leacdd flory cm@ct 36 (s g;rt]setrf ace

304, ins o] WO 02/1~I11i 11 PCT/EPO1/08Gl1l ber 350, wafer
surface)aggggégggrégig%q]P and PYr, respectively, can be defined. The
pressures are converniently considered by absolute values (symbol ~~).

Pref er abkyngt Beor i B pRessd @ PRAS 143 ¥ drharm-Qlstepm é&uﬁh@oﬁé’é” of the
slurry prﬁssure 5P andﬁﬁhe fer pressure Pw, t'hat is PEl (Pl .+ ~Pw

Furt her, *PE PESESHYENPR ito Gachgdd tie si"tf&ref@’ ik slurry
144 xor tetkepptebu rsugostéﬁulralqryareaﬁralaﬁp durdaed .Omratémﬁlﬁﬂi‘sﬁfidh HISSSHIr €.

the value of the down-force is given in connection with the
explanation of FIG. 5. Persons of skill in the art can adjust
the down-force without the need of further explanation here-
in.

25
FIG. 2AB illustrates, in relation to both coordinate systems,
simplified top (2A) and side (2B) views of wafer 150. Wafer
150 is 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 thickness 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-
axis) is well known in the art. Variations of G are not rele-

35 vant here.



FIG 6 illustrates a sinplified top view of retaining ring 300.
Corresponding to sectional viewof FIG 5, ring 300 is 15 illustrated with
i nner aniwOar/1®aFface 301, outer annul ar surface 302, andPCRAPHEVIS6BE0
(dashed, because hidden). As illustrated for a preferred enbodi nent, slurry
inlet 371 and slurry outlet 372 arranged in a angle V = 180. However,
multiple inlets and nultiple outlets can ag so be provided, con 20
veniently, alternating in the order in/out/in/out, and spaced with V being
the fractHIon &f iaﬂalsm:extetsh@ tsmtragblrﬁjrmbrpbcﬁtiaﬁ etop oldyetrsthiaknagsused
the ter My rARAe @ '(dd)" Jerbav fﬁn%g% £ (EXPLANaLLORinlguever

it is not reqwred that t %eometry of rin vvays as to keep equal

-di st ance fo& Eh&wcent€P. mps Waigirc e hpodd 9 Wi IBTIVENtPdk tioms can
opti onal lyikd rg &e@f shaeped 4o Bt L xgywéfwtm PeEti £yl afnOphenkRLi on
ape FIG, 7 illustrates a sinplified

edge |scon;lL glrftﬁ’ of qaalwafer

-bl ock” di &§Pam VP o\ FEIE & y6 t e 2878 s 1B 12 X SRt R ﬁ@n3]% @Rcor di ng
todt hle pred erid |fmeraium3 gzglarf]d yf@s/caxaa@?izgjn@@lr@@n@mesmsob?%%%ycp@ng 374
and sl ur e .unit ! are ed to,slu inet 35_371 an
slurry Ol[}fynl %ff (ef5rs8 a]tﬁy ﬁ"bn‘EO‘&%d%séﬁ?nﬁ%F%t% A
preferred*whmryyﬁd cnmwhrrtemil on is i n Vl @) U2/ 1-LUI S 12 PCT/ EPII1 /U8G
11 dicated by arrows. System 375 allows to reduce the consunption of

slurr In other words, system 375 for cycling slurry frominlet 371 5 to
out | B8 3FIChad SIS HtEas | bLADHNGE Rakieth BSD t hidee i unpantedfedeeaphii ng

ring 300 feftpofviegtje frgack 100 ) Fisaﬁy@@mﬁnifﬁ@@ éﬁ&yjﬁéfélét'evfé\yréf by o

t echni ques wel | knovvnlnthe art such as filterin endi ng (e. W t
fresh sl WREPT3780 rHIWERRThd ThemBHS, 134 «A@R%‘g)l‘l%n’f"ﬂ@ri:%"%’é‘ 9.,

t enper aI fcﬁoﬁdlalﬂe,rdﬁddlrﬂﬂ@d lmingllztg/o (e d digks 0101r:]poiom9, BtG. M)ﬂé;ti)ﬁl-nlg can
opti ona t ended to _end 0|nt|n e polishin rocess npl e,
by measuri ge ﬁecearﬂ (Al tt}h% ‘:sc{}-iﬁ r%,llchgt ngPhEs? n%éﬁ?ign

i mpl mnmdheamuslel Ut athed Jalrﬂdls:iﬂsa:tred),ed:hm admn eef f oot Wwwahséher epphptar y
enbodi ment, of, of s 1S c veni b e T | | owi ng
presents aI ternﬁgt%?ve]zle e@ ‘%Eyqﬁ %%goéﬁﬁs%?%f%%gal%gﬁig

cr oss- sechildifsd b eﬂﬁﬁﬂla@@nﬁ rﬁg witly BoEpdrvi thy then®erpds0e wi Foran

al ter nat k¥anphane dhaldaidddlin BoFIS Giklystigl esea pastish no-

cross-sectional view of retaini ng ring 300 havin anber 350 wth a
further ACEeMPYRLFAS stRgrel YR 1Sk rl?ﬂjéﬁw v ier 1500 | #ustRat afar vPeHi fr om

bel oxo of phetrgi o ring 30D Midrmiktalg eddat o iem) PWead suL b ageved. For
Convenle%pwhwafg% (negative 8); and near the center zone, pad 140

uniformly presses to top layer 154 (zero 8).

The edge effect can be caused, for example, (i) by forces (in

25 the XY plane) resulting from the relative movement between
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 (cf. FIG. 3; or
vice versa). The edge effect might make the wafer periphery

35 zone unsuitable for integrated circuits.



300 is shown magnified in a circle segnent. Surface 303 has a plurality of

ring portions 307 that, preferably, touch pad 140 (i.e., His around zero).
Bet ween MW@03BItS ons, a plurality of slurry delivery chanRETEPBOBSIIAS

i ndi cated by arrows, 35 channels 308 carry slurry from chanber 350 to wafer
peri phery Z53 (shown dashed). The nunber N of channels 308 is between WO
02/1.101S 13 PCT/ EPO1/08Gl1 150 and 500, @ preferred value is N = 200. The
resulting in tra-channel angle is calculated as 360/ N. Preferably, channels
308 are Qapnaitangedfr adicaleidget eldeds t(I@egoentde’:sPdiacreinmgﬂ:SGD ip®essil-ong

t he dashed | : th Ol O wth
angle A "Th %? éfa%g? ?e e&qg@,rgaeggé%nﬁég;q ci@pf ﬁIQ§n}Qﬁ§§ﬁ%ﬁ%nber

-350 t hat oapshﬁeéagﬁaﬁﬁf 914% 148d the) clisagegive fariifelgassd dhaand

provi dedrhy¥ gePhUhabkl kpeely egweeht kFerld 530 Arf ga{cpll(llhj ng pad 140 and
form ng a plurality of “slurry delivery channels 308. Having described the

sinvemion in detail above, the invention is summri zed as follows: 15 Wile
the i nveBtGonshaslb@wadgscr-i g 1 gy fp@flrﬂsmfngpar tare Ulnyr stemeaitungs,a t hose

of skill iin art _wiJl understand base% ;Pe descr Q&ﬂ&@ hﬁ§ in 1 hat it
is not |PHP 81 Fr?fief-"f?dt &R e CEMTSe S ST Tt Y U 1WA ' tBE
invent|0m40$ Zespﬂaa@mly@d&ﬁ&rdﬁﬂe@rbyIEWQMMxmgnrlngsaOQﬁaqqqnﬁmmgu@@d in

the text i @°ppandlebudihenlconr ange ) shaneeld A addorgedh dhel ght Gral or

thlckness e ivery channe ressure | ar coor di nat e35
R ndek for "r| ng" Spad di spl acenent Tl ayer t hi ckness 5 10 WD 112/1-10 a

Vpol ar anglg16@0Kdi Rt %Wen%ﬁ:)&ofrorartv"afﬁr 'g><§@rot 85 AR diyateCasdesi an
coordi nat eZCart esi an coor di nat enmmi. | nmi er~.nmm cro t er nnmano

neterdegﬁéggbggpupgdvaﬁﬁgange orthogo ly thereto, lower surface
304. Surface 304 is ring-shaped and substantially flat. Sur-

face 304 touches pad 140. In contrast to the prior art, ring

15 300 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 140 at 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 chamber 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 algo illustrates slurry inlet 371 for
supplying slurry 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) is 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



14 PCT/EPO1 /081.11 WD 02/1-t015 15 Clains: PCI/EPII | /118C 11 1. A
retaining ring (300) for encircling a wafer (150) in a chem cal - mechani cal
pol i shi ngv@ppasi us (101), said retaining 5 ring (300) ch&cadmperdssed by a
U shaped cross-section, said retaining ring (300) having an outer wall
(352) and an inner wall (351), wherein said walls enclose a partially open
chanber (350) adapted to apply pressurizedofluid (144) to a polishing pad (
14 0 ) of said apparatus ( 101 ) . 10 2. The retaining ring (300) according
to clai nby ebefecrssdiod Brshdfed cespectdotalon iThasyhmpst ro. cliamide

retai ni ngshiag L3R0) hALGRIMANG 1ka q'ﬂd@é:ﬂ%%ﬁdfé&é ldtithd S1 g
pressuri ze urry . The retaining ring (300) according to claim 3,
wher ei n REEN1i6lgAd opdiyai mrngqniwgn@sw is used in said apparatus (101),

said outer wall (352) touches said polishing pad and 20 said inner wall
(351)_allo sai d pressurized slurry (14 a The retaining
‘ring %308}’%@8&?& Fd VS Ye 14t mPT e SRt gﬂ %bﬁ}%ﬁ‘%egét%ﬁ% TG +400) is
uﬁed IH @&bgagapla@aﬁ:mﬁ:ozfgﬁ( J:@ﬂahnleiautoghgfﬂaﬁrga(p?.ms apﬁgﬂ#aat Ch(l@’nlbléfy

t hr oug anne 36 that is limte et rface (3

Sai d e BT IEES) THRGTER BRSSO o TR0 B oA rRra hi Peer i ng

(300) acpoedisnget d.rclcdiamEr B5eér disn stuthes (30 e 1ery (k8091 hasdbsthilokipesds,

lower Surrae %5 03 1(3%6Obﬁﬁ%ﬁﬁﬁtﬁﬂﬂ%ﬁ%ﬁ?ﬁ%wih?ﬁﬁ“ﬁiﬁ e

(1400 aﬁaG\mé e es FiaflunsigghtThies Hrasgare aradre Ghe % wdd waf er
(150) . Beré uhhe el dyinichinlitG 3 WprAcEPr Mg #as Cla M3, ;Iac\!\_fm?él@i when
sai d retalgln%rlng (300) is used1n said apparatus W WR/1~fIlS 1

In other words, in comparison to the prior art (cf. ring

15 200), (i) the pad touching lower surface (cf. surface 205 in
FIG. 1 vs. surface 304 in FIG. 5) is located more distant
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 cooxrdi-
nate Q.

25 Preferably, ring 300 is made of plastic or ceramic. Conveni-
ent values for B are in the range between 10 and 15 mm.
Height H is preferably, larger than wafer thickness G (cf.
FIG. 2, from top layer to backside). Preferably, H and G are
related by a H-to-G ratio in the range between 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. Fyr is one of other
forces: up-force F applied by slurry 144 counteracts on Fg;
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.g., surface 304, inside area of cham-



PCT/ EPU / U8fi 11 (101), said chanber (350) applies said slurry (144) through
a channel (360) that is provided by a plurality of ring portions (307)

t ouchi ng waw2l4es i shi ng pad (140) and formng a 5 plural i PETHEHPOFIRSAT Y
delivery channels (308). 8. Aretaining ring (300) for a carrier head (100)
to polish a wafer (150), said retaining ring {300) conprising a generally
annul ar body having a substantially U shaped cross 10 section, an inner
surface (301), an outer surface (302) and a groove (350) between said

surf acesbier QiSO r waLfieer presturd)zedrsdasuney 12%4) Palaony RByvhe rpepephidng-( 153)

of the wg 5 e I

corrprl 15 g{jﬂ @g po %léheﬁg%pkg% ,_I’g% , ga%regoéfé |angelﬁg g %&%%3&%9&21
.-recei ve @YW@ pl@zgowa%ufa(iaumhphrka MhatRrefasiylngatpet rihe poesshrag pad

(140); anpd isaléﬁéé!r”tﬂgnr bdet389) tho +8RIAGS Wi hiaid head dAhy.and 20
to surround the wafer_ (150), said retalnlng ring (300) havi'ng an open

-.chanber €3 §@F-F@%ﬁ%ﬁﬁqqmﬁﬁ?%ﬁ%ﬁ%é%ﬂrl?é& dBurry (144) to said pad (140)
and to a periphery (153) of sald waf er (150). 25 10. The apparatus (101)
according to claim ?, ? ring (300) has an outer wall (302)
substantially t ouch ﬁb péid F‘I’I40) and an inner wall (301) being
substantially spaced fronlsald pad (140). 30 11. The apparatus (10l)

aﬁcord' ng tr Al Tthls' ‘MB%Ix%r{‘le%ﬁl &@’@J o 188 fs“o °V§r8&ké % &legeéﬁckand
erein sal i nrie I's spaced fromsaid pad nnel ~havin
hei ghl | deagér stlivaryt Hetdovaer 419 h&ﬂp:lﬁie@srxoflﬂs‘humv@h@rnbes53m bSrhleelow

appar at ug t(mbebheaq o iflidigs @ ¢l ai m 10, further conprising a slurry recycle
unit (380) to cycle slurry (144) WO 112/1-4(11 17 PCT/EPUL/ 11 Bl ~11 from

an outlet (372) of said ring (300) to an inlet (371) of said ring f3 0 0 )

: I5 1ﬁ_. The. a%p&ﬂdtgi&r(a]t@&')t aacs:!@lﬂlﬁml{jﬂlél@ tﬁép?tix?iﬁ{z éﬂiie’@élﬂﬁiﬂh@tﬁlﬁ ﬁ

olishin rocess itorin slurr olis ea

0200) 't of Bl o PR TR G R QB br VSS9 Wy Frovs nob ShY o RATEP (150)

acr os% a1ﬁd@s¢raxad:m1chuxhnﬂﬁ|aﬁnumamemmrﬁd@@)3@bnpousengannuhasurface

(152)  SuRRQIda0 s 0 4l S 350" agaifed SUALOLOD T4 08ali00) pENga020
ce (

with the supportlng 'surfa ai n ace, said
ret ai ni ngusitmgtER0Eoh e my sfiwpeat tankedinert ur$1/u3(11§44)nhﬁtl havi agdan 15

i nner surghage-( %Q&)lefta@m dhederi bul being ppaceght o gahdypad (£40) to
dlstrlbute slur ; 144)" into a cl earance-gap (136) between said Wwafer (150)
and sai dtiimd: yﬁﬁ @x(ég@&ltlple outlets can also be provided, con-

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

with V being the fraction of 360° over the total number of
inlets/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. As
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 slurry 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-



20 15. A slurry cycle system (375) for a chem cal -nmechani cal polishing
machi ne (101} having a polishing head (100), said system (375) for cycling
slurry (may2i+oei an inlet (371) to an outlet (372), sai dPSySPOMLIV5}
characterized in that said inlet (371) and said outlet (372) are connected
to a slurry 25 distribution channel (360) that is part of a retaining ring
(300) of said polishing head (100). 16. Aipethod for operating a chem cal
pol i shing apparatus (101), said nmethod conprising the follow ng steps: 30 -
pl aci ng dimated pySeyrieas.ngysteer i3fiieryl (orE3)t eyl {HA0)onswapeby
surroundippgosaigd water (150) by a retaining . ring (300) having an inner
di aneter surface ?@ the pe riphery (153) of said wafer (150) and the
-i nner di anet er surface (301) of said ring (300) defining a space (136) 35

t her ebet waeBthard wordRR! Wy el Wsy Aok Dy dihn g&hﬁ:ﬂhaﬂ‘mﬂﬁ {360 awihin
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25 FIG. 9 illustrates a partial cross-sectional view of retai-

ning ring 300 having chamber 350 with a further alternative
shape (full-circle).

FIG. 10 illustrates a view from below of retaining ring 300
30 with an alternative lower surface 30. For convenience, ring
300 is shown magnified in a circle segment. Surface 303 has a
plurality of ring portions 307 that, preferably, touch pad
140 (i.e., H is around zero). Between the portions, a plura-
lity of slurry delivery channels 308. As indicated by arrows,
35 channels 308 carry slurry from chamber 350 to wafer periphery
153 (shown dashed). The number N of channels 308 is between
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10 10xn$ 18y B0, %.e. along the dashed lines towards the coordinate

5 origin; or (b) as in FIG. 10 with angle A.

In other words, ring 300 of the embodiment of FIG. 5 has
chamber 350 that applies slurry 144 (to pad 140) through
channel 360 that is provided by a plurality ofring portions

10 307 for touching pad 140 and forming a plurality of slurry
delivery channels 308.

Having described the invention in detail above, the invention
is summarized as follows:

15
While the invention has been described in terms of particular
structures, those of skill in the art will understand based
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 symbols used in the text:
25 angle
width
clearance distance
diameter
force
height
wafer thickness

30

number of delivery channels
pressure

polar radius coordinate

35 index for "ring"

pad displacement

H O 0 92 @2 " 00w P

layer thickness
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Claimg:

1. A retaining ring (300) for encircling a wafer (150) in a
chemical-mechanical polishing apparatus (101), said retaining
5 ring (300) characterized by a U-shaped cross-section, said
retaining ring (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 said 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 said 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 larger 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
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8. A retaining ring (300) for a carrier head (100) to polish
a wafer (150), said retaining ring (300) comprising a gene-
rally annular body having a substantially U-shaped cross-
10 section, an inner surface (301), an outer surface (302) and a
groove (350) between said surfaces to distribute pressurized
slurry (144) along the periphery (153) of the wafer (150).

9. A chemical-mechanical polishing apparatus (101), compri-
15 sing:
- a polishing pad (140);
- a polishing head (100) to receive a wafer (150) and to hold
the wafer (150) against the polishing pad (140); and
- a retaining ring (300) to engage with said head (100) and
20 to surround the wafer (150), said retaining ring (300) ha-
ving an open chamber (350) to distribute a pressurized
slurry (144) to said pad (140) and to a periphery (153) of
said wafer (150)

25 10. The apparatus (101) according te 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).

30 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 havihg a height larger

than the overall thickness of said wafer.

35 12. The apparatus (101) according to claim 10, further com-

prising a slurry recycle unit (380) to cycle slurry (144)
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5 13. The apparatus (101) acoording to claim 12 that endpoints
the polishing process by monitoring said slurry (144).

14. A polishing head (100) for polishing a semiconductor wa-
fer (150) by moving said wafer (150) across a pad (140),
10 said polishing head (100) comprising:
- a surface (132) supporting said wafer (150); and
-~ a retaining ring (300) engaged with the supporting surface
(132) to retain the wafer (150) in place, said retaining
ring (300) being shaped to carry slurry (144) and having an
15 inner surface (301) facing the wafer but being spaced to
said pad (140) to distribute slurry (144) into a clearance
gap (136) between said wafer (150) and said inner surface
(301) .

20 15. A slurry 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 a retaining ring
(300) of said polishing head (100).

16. A method for operating a chemical polishing apparatus
(101), said method comprising the following steps:

30 - placing a wafer (150) having a periphery (153) on a pad
(140), thereby surrounding said wafer (150) by a retaining
ring (300) having an inner diameter surface (301), the pe-
riphery (153) of said wafer (150) and the inner diameter
surface (301) of said ring (300) defining a space (136)

35 therebetween; and

- applying slurry (144) through a chamber (350) within said
retaining ring (300) to said pad (140) and to the space
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