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Field of the Invention The invention relates to processes for the
manuf act ure of sem conductor devices and nore particularly to the

chem cal - mechani cal - pl anari zati on of sem conductor wafers. (2) Background
of the invention and description of previous art The fabrication of
integrated circuits not only involves the form ng of sem conductor devices
within the surface of a sem conductor wafer but also the creation of a
conpl ex network of wring interconnections which conBrise the electrical

ci rcui t r yABFIMRROVER REBAINING RINGS ERUGYBEHTRB FRHE GQNERESNBURING

by the alternate depositi i f f i and insul ating
materials over the sem cgnﬁcﬁtﬁ{%&%%ﬁwcg&ﬁmﬁmgﬁve | ayer is

patterned by photolithographic techniques to formthe wiring design for
that level. This patterning process produces a surface with topol ogi cal

features, which, if no St%ﬁmﬂm@FWﬁmVEﬂﬂéﬂe itself in each

succeedi ng | ayer. Conductive layers, usually netals such as al um num or
copper, are deposited 1. 29 Decenber 2006

(1} Field of the Invention

The invention relates to processes for the manufacture of semiconductor
devices and more particularly to the chemical-mechanical-planarization of

semiconductor wafers.
(2) Background of the invention and description of previous art

The fabrication of integrated circuits not only involves the forming of
semiconductor devices within the surface of a semiconductor wafer but also the
creation of a complex network of wiring interconnections which comprise the
electrical circuitry of the completed chip. These interconnections are accomplished
by the alternate deposition of thin layers of conductive and insulating materials over
the semiconductor devices. Each conductive layer is patterned by photolithographic
techniques to form the wiring design for that level. This patterning process produces
a surface with topological features, which, if no steps were taken, would replicate
itself in each succeeding layer.

Conductive layers, usually metals such as aluminum or copper, are deposited



by physi cal - vapor-deposition (PVD) techni ques such as VaC““@dﬁi@Bﬁﬁ%}bﬂﬂ6or
sputtering. These nethods do not provide conformal coverage and the
presence of topological features on the surface onto which they are
deposited result in non- uniformties in thickness and other problens
related to the shadowi ng effects of non- planar surfaces. Frequently two to
four levels of interconnection netallurgy are required to formthe
required circuits. In order to provide a planar surface for each |evel of
nmetal, various nethods have been used to planarize the insulator surface.
d asses  which flow when heated are commonly used to accommpdate the first
| ayer of bYRIYSIGa-vapPredepssibordbMil) teehinyedsurh as\@eavstevappatian wres ar e
no |l onger permssible, enploy |ayers of materials which are deposited as
li qui ds aputteries. Thesetheatbododmrexdlprovitiayenfornsl covemyger sndthe presence of

spi n-on-gl asses and organic polyners provide an inproved |ocal surface

pl anari t yopGupisanfeantresentiHe/suf it 8hIWRRBORhE) aré BBBYSIRed REURQhWHRLS and
transl ates the new surface to the insulating |ayer. Although these nethods
can_pr oviifiokhitk Gk Bk ARALIA prbBRNS Félatdd B AEINSAbWIRY elBtis!A'rikh-
waf ers used present day tec nologygﬁecause ﬁey cannot ~pro de
pIanariz&Ehgﬁsgngeg | arge area. This is because the integrated circuit
chi ps thensel'ves contain discrete regions of different topol ogical
conplexity such as nenory arrays |ocated within regions of logic circuits.
Recent years have seen an increased interest in the old technique which is

2
Frequently two to four levels of interconnection metallurgy are required to

form the required circuits. In order to provide a planar surface for each level of
metal, various methods have been used to planarize the insulator surface. Glasses
which flow when heated are commonly used to accommodate the first layer of
metallization. Subsequent levels where elevated temperatures are no longer
permissible, employ layers of materiais which are deposited as liquids and then
cured to form solid layers. Such layers of spin-on-glasses and organic polymers
provide an improved local surface planarity. Subsequent reactive-ion-etching(RIE)

removes the polymers and translates the new surface to the insulating layer.

Although these methods can provide to local planarization, they are
impractical for the large wafers used present day technology because they cannot
provide planarization over a large area. This is because the integrated circuit chips
themselves contain discrete regions of different topological complexity such as
memory arrays located within regions of logic circuits.

Recent years have seen an increased interest in the old technique which is



29 Decenber 2006 wused to provide the wafer with a planar sujf '
first place - chem cal nechanical -polishing(CW). At first tggﬁéﬁykgézgﬁ?s
a seemngly crude nethod for dealing with dinensions of the order of
hundredt hs of a m cron. However, because of it's uniquely gl obal

pl anari zational ability, the CWP technique has been diligently and

pai nstakingly refined and perfected for in-process planarization over the
past decade. The main thrust of this effort has been dedicated to the
devel opment of highly sophisticated polishing nmachines. As a result, the
CWP technique is now wdely used for global planarization of in-process
sem conduggachio pvevistesthenwates withad ilangari ssifase indbe Jrdddaret eeemicil- Moder n,

hi gh precision CVP nmachi nes are described, for exanple, by Henpel, U S

Pat ent Naecbhafigdl-8dishikGg(@MP).S.AtRasethioulybt, BVIBIS a38mitghi gadeatethod|for U. S.
Patents No. 6,132,298 and 6, 361,420 B1, Yi, U S. Patent No. 6,146,260, and

Lin, et.dedling WiSdirRahebhs Mo thé oicdsh, Gi3nBledthB oPsamidren OHoweaieTpbeca
pol i shing machi ne as described by Lai, et. al., US. Patent No. 6,224,472

Bl is shoups hﬂiq’f}eg/dgl%%ai Efgn‘éﬁﬁétiﬁ@%itép O CRiP Rlggde W@%%reen]cgiiééht@e

polished on its u rsi usua acuum applied'to the back of the

wafer 12 throu nuerouds ports 14. . T he Q.r d he
wat or 12 GGANRKMITE SBHEe B0 hetfertd i iF Bodmr b BairaR ol PR !
edestal or platen 18 A polishing slurry 20 is fed . tgo the pad surface
guri ng dﬁ?&agfgr oﬁhefﬁé‘%m%%sqfdﬁ'scﬁf?qrhﬁas I*%ﬁﬂ dﬁ?"?aéegit? ?@%Qﬁ,}f&ﬁpm%p i ni ng
ring 22 which surrounds the wafer 12. Fig. ) _
highly sophisticated polishing machines. As a result, the CMP technique is now

widely used for global planarization of in-process semiconductor wafers in the

fabrication of integrated circuits.

Modern, high precision CMP machines are described, for example, by
Hempel, U.S. Patent No. 5,597,346, Kim, U.S. Patent No. 5,695,392, Zuniga, et.
al. U.S. Patents No. 6,132,298 and 6,361,420 B1, Yi, U.S. Patent No. 6,146,260,

and Lin, et. al., U.S. Patent No. 6,183,350 B1.

An example of a simple CMP polishing machine as described by Lai, et. al., U.S.
Patent No. 6,224,472 B1 is shown in Fig. 1a includes a head 10 which holds a wafer
12 to be polished on its under side, usually by vacuum applied to the back of the
wafer 12 through numerous ports 14. The head 10 rotates and presses the wafer 12
against a polishing pad 16 mounted on an upright rotating pedestal or platen 18. A
polishing slurry 20 is fed to the pad surface during operation. The underside of the

head 10 is fitted with a retaining ring 22 which surrounds the wafer 12. Fig. 1b



3 29 Decenber 2006 illustrates a typical retaining ring 22.,.k t al,aAhng
ring 22 not only keeps the wafer 12 confined to the undersiz(? ﬂ%fe[’ﬁ?gzﬂggd

10 but also includes multiple channels 24 through which a polishing slurry
24 is introduced to the wafer/pad interface. The polishing rate at wafer
edge is usually different fromthat on the rest of the wafer. In addition,
the polishing rate profile at the wafer edge does not vary nuch with

di fferent process paraneters or materials being polished. Typically, the
polishing rate at less than 5mm fromthe wafer edge is always | ower than
that at the wafer center. This puts a limtation on the thickness

uni f or mifystedeeaitgpical mtainirg ringR@r ETHgeetdidihg ciag 22nalcdnle kedpb yhEvAafand
hence nmakes the wafer edge region unsuitable for use in integrated

circui t 82 gdirdRctoansamddisidkidtithe Qbhdwbalt 8o dethidedhfififle 2RaARER 24y

pol i shing paraneter adjustnments, t regul ate the polishing rate in the

edge region of . : chi Lfor E te over the
entire \?\g élpﬂa%dgﬁﬁ\éﬁ@%"@i?@#?%% 'gt/rgkrﬁg?%d @g{% \g%{@)gadoiﬁt@f] ©wafer. It
woul d be further desirable to be able, by polishing parameter adjustnents,
to adjust the polishing rate in the edge region of the wafer so as to
polish the wafer edge region at a significantly higher or a significantly
| oner rate tH&E polishing eateraiavalaapdae iy vswrllyofiffereat thatyyn thetneist of
capability, either surface planarity and/or surface |layer thickness
uni f or nititey wader. He aslditeorddte fowlishieg ratg piafil®at the wdfye edegi does doiniagp, et .
al ., 6,132,298 and 6, 361, 420, describe a polishing head structure

much with different process parameters or materials being polished. Typically, the

-polishing rate at less than 5mm. from the wafer edge is always lower than that at the
wafer center. This puts a limitation on the thickness uniformity especially at the
wafer edge that can be achieved by CMP and hence makes the wafer edge region

unsuitable for use in integrated circuits, and decreases the yield.

It would be desirable to be able, by polishing parameter adjustments, to
regulate the polishing rate in the edge region of the wafer so as to achieve a uniform
polish rate over the entire wafer and thereby extend the overall usable area of the
wafer. [t would be further desirable to be able, by polishing parameter adjustments,
to adjust the polishing rate in the edge region of the wafer so as to polish the wafer
edge region at a significantly higher or a significantly lower rate than that over the
main portion of the wafer. With this capability, either surface planarity and/or

surface layer thickness uniformity can be extended further out into the edge region.

Zuniga, et. al., 6,132,298 and 6,361,420, describe a polishing head structure



4 29 Decenber 2006 provides adjustable pressure during pol iz'@rk'b mtbgr?t?@()
wafer in order to cause even polishing. Afirst pressure is applie 0 a
center portion of the wafer through a nenbrane and a second pressure is
applied to a perineter portion of the wafer through an edge load ring
which is nore rigid than the nenbrane. In Zuniga, et. al., U S. Patent No.
6, 436, 228 Bl, there are shown a wafer substrate retaining ring which
provides a plurality of discrete points of contact between the ring and the
waf er. However, these various designs do not address the delivery of slurry
under the wafer. Notable progress has been nmade in retaining ring design,
pri mari | providas adjegtabs prassune during pofishing todne malférinl adét tncadseséwany past
the retaining ring to the wunderside of the wafer. Chiu, et. at., U S

Pat ent Noolishirdft4 ./ 93t pheysura ig appiicd t@a daintgr puHicon of 6at waes tArqighval ity of
straight channels for the delivery of a slurry and an added circul ar

groove WhkfthrBh8Urides sBBohd@besdidre ii@hﬁbﬁ&‘f@ﬁﬁeegﬁze?%r ?élﬂéioﬂrtﬁ.tﬁé hirght

channel s. This design provides a buffering ef elivery of

slurry. 4l ... ey J . 9 [ e f slurry
del 1 vor yiuathin e 1oty WREET: alfte SRR ol FebipbiEr, Mrfulient obhe
edge of th Véafer. Gl%ashauser U .S Patent No, 6,419,567 Bl al so provides
an i npr Aled) §1 frAGIHRIPI 08P 435 Bdnihare sigishownea waler sibsyale rfaliingriag
central circular channel in the base of the retaining ring which is fed
wi t h sl uwiightipeidgh a porality ef dissretewiints aficontadidnebsesn tire ving @ndbewaf er
wafer. However, these various designs do not address the delivery of slurry under

the wafer,

Notable progress has been made in retaining ring design, primarily with
regards to the uniform and controllable flow of slurry past the retaining ring to the
underside of the wafer. Chiu, et. al., U.S. Patent No, 5,944 593 shows a retaining
ring which features a plurality of straight channels for the delivery of a slurry and an
added circular groove which provides an internal interconnection of all the straight
channels. This design provides a buffering effect to the delivery of slurry. Lin, et.
al., U.S. Patent No, 6,062,963 cites the use of slurry delivery channels which are
tapered to even out the slurry flow at the edge of the wafer. Glashauser, U.S.
Patent No, 6,419,567 B1 also provides an improved slurry delivery sys;cem through
the retaining ring with a central circular channel in the base of the retaining ring
which is fed with slurry through two inlets and which distributes slurry to the wafer
through a plurality of inner channels. Pham, et. al., U.S. Patent No, 6,447,380 B1

like Glashauser, also addresses modifications of the retaining ring to improve



through a plurality of inner channels. Pham et. al., US. t
6,447,380 Bl |ike d ashauser, also addresses m)dlflcatlonszgfﬁ‘%%mmrmo6
retaining ring to inprove 5 29 Decenber 2006 slurry delivery to the wafer.
Whil e nost of the retaining ring design effort has directed at slurry
delivery, little has been given towards edge control. The Mrra- Mesa
pol i sher manufactured by Applied Materials Corporation of Palo Alto,
California permts the application of a first pressure to the backsi de of
t he wafer during polishing through a flexible nmenbrane (designated as
menbrane pressure or MP). A second pressure, designated as retaining ring
pr essur eslURREElvery tagpeiveafet.o a retaining ring which surrounds and
confines the wafer. A third pressure, referred to as inner tube pressure
(I TP), permts the application of an additional controllable downward
pressure to a circular region near the edge of the wafer by neans of an

inflatable twagle rhagwﬁm.etr’@eaiﬁmgmr@@eﬁgﬂ ot Ivef @ifecty e stiurhsdeiaeapi i ty,

the present inventors have found that, using the conventional retaining

ring showfe hhsHen g#ipen kQWardiS e(?gf(@lzox‘(l%lu%eor(/hr&é‘ Lfds el [B’cgl%h%'i asirastutdd P) at

a fixed retarning ring pressur he polishing rate always dropped

oL o e R USRI SR BRARP T Ao M k) o e g
whi ch perr rg?t ;[)lzses%ﬂ? tolo’t%leI gg{‘:ks?d % %Sé vvx\fg%e?r?ju%%g pb?ts ﬂ%ethl% hI ;‘;'ﬂgﬁ% Ly greater
membrane (designated as membrane pressure or MP). A second pressure,
designated as retaining ring pressure (RRP), is applied to a retaining ring which
surrounds and confines the wafer. A third pressure, referred to as inner tube
pressure (ITP), permits the application of an additional controliable downward
pressure to a circular region near the edge of the wafer by means of an inflatable
tube, between the membrane and the wafer. With this capability, the present
inventors have found that, using the conventional retaining ring shown if Fig. 1b, for
several values of inner tube pressures (ITP) at a fixed retaining ring pressure (RRP)

the polishing rate always dropped off within the outermost 5 mm. edge portion of a

200 mm. wafer.

In response, the present inventors have developed a new retaining ring
design which permits edge polishing rates which can be made significantly greater
or significantly less than the mean overall wafer polishing rate depending on the
choice of ITP and RRP. None of the prior art provides the capability of such wafer

edge polishing rate adjustment by a simple in-situ pressure change. In view of the



or significantly less than the nean overall wafer polishing A NQ
on the choice of ITP and RRP. None of the prior art providgquﬁﬁg&BFag%g

capability of such wafer edge polishing rate adjustnent by a sinple
in-situ pressure change. In view of the 6 29 Decenber 2006 above the
inproved retaining ring structure cited by the present invention helps to
mnimze deformati on of the polishing pad and thereby is capabl e of

provi di ng good thickness uniformty and/or surface planarity over a
greater portion of the wafer than was previously possible. 7 29 Decenber
2006 SUMVARY OF THE INVENTION It is an object of this invention to provide
a desi gnabbve tigvimproived retstiningiring strictgrenbitexhbp thoy peesend inugrtionmedpaiia y
delivery to a wafer contained therein. It is another object of this

i nvent i omihionipe aefatenatiohest the paflisRing\Fad\ahe therelyas Bhpabiel st robidsty ?kﬁcsa/i des
secure wafer containment with mniml wafer edge contact. It is ye

anot her ﬂhbi@féssq}nifdﬂhﬁyidh\é%}tétﬂfhdé)n%ll%éﬁ{y! Beery &‘ae%i(tj&gl)cﬂ{ioﬁ P¥he VBE&S than

retaining ring which provides m ni pol'i shi ng” pa stortion at or near

t he edge ; r i ned therein when downward pressure is applied to
said ret E@E‘ipﬁg‘”}%?%g.pﬂ%%@ yet another object of this invention to describe
a design of a CVP wafer



retaining ring which provides the capability of instantaneogﬁhy(mnﬂ)rzo 6
mani pul ati ng the polishing rate of the edge region of a wafér %y agjus?lng
both the retaining ring pressure and the wafer pressure against the
polishing pad to nmake the edge polishing rate either significantly greater
than or significantly less than the main wafer polishing rate. These

obj ects are acconplished by a retaining ring design having a plurality of
straight slurry delivery groves, angled in the direction of rotation of
said ring 8 29 Decenber 2006 wherein each alternate channel is recessed
away fromthe inner circunference of the bottom pad contacting, surface,

of said retaining ring by aSWIMARY(cTHEINVENTIOMwrd from the bottom

surface only sufficiently to prevent contact of the retaining ring with
the polishing pad in the area of the recess. Each recess curves outwardly
towards the inner circunference of the retaining ring in a manner to forma

symmetrical sgggantajedtali thistilventicndadvRIE0S debRINGSITHE CVIP Waffel RASHIng

circunference of the retaining ring, and neeting the inner circunference

at the eph ‘”W‘ﬂ“ foviibs AUINBEERATsH aé@@? K ch segnent ed
tab contacts t eBerﬁbose warfer over a d zggn@%f}érrm%ﬁﬁg@ﬁlé?rﬁ@s the width
of the slurry channel exit, which is about 11.5 percent of the contact

di stance of a conparabl e un-recessed retaining ring. It is another object

of this invengion t rovide _a nethod for inproving the
}t ] anot%e? o%}/ect of %ig?nvention to prcr)r\rl)ide a dgsign of a CMP wafer

retaining ring which provides secure wafer containment with minimal wafer edge

contact.

It is yet another object of this invention to describe a design of a CMP wafer
retaining ring which provides minimal polishing pad distortion at or near the edge of

a wafer contained therein when downward pressure is applied to said retaining ring.

Itis yet another object of this invention to describe a design of a CMP wafer
retaining ring which provides the capability of instantaneously maniputating the
polishing rate of the edge region of a wafer by adjusting both the retaining ring
pressure and the wafer pressure against the polishing pad to make the edge
polishing rate either significantly greater than or significantly less than the main

wafer polishing rate.

These objects are accomplished by a retaining ring design having a plurality

of straight slurry delivery groves, angled in the direction of rotation of said ring



t hi ckness uniformty and/or surface planarity of a surface
wafer, wherein the surface layer initially exhibits radlaJl%?@g?egﬁF?F ?
non- uni f or m t hi ckness or planarity between its edge region and its
interior region. This object is acconplished by first depositing or
otherwise formng a desired surface layer to a thickness which is greater
than or equal to the desired final thickness in both edge and interior
regions. The wafer is then nounted on the head of a CMP apparatus which is
fitted with a wafer retaining ring having a recessed 9 29 Decenber 2006
face as cited supra and will be described in greater detail in the first
enbodi menvherfein ehch altesraie ichannghis redBssqrpaway fiommtiss inmes eirbamféRece of
capability of selectively and independently applying downward pressure

(1 TP) ontthetmtionafpal vaitactiegogrfdddof sait :@télhﬁ:gW%f\%by@lﬂe'@eﬁM:&rﬁgﬁ)enagt 0

the retaining ring. Prior to said nounting, the apparatus must first

have beeugiritTeth e borBR] Shffhoe ohBEBRLLAY RIDFRIAE oBhidtt o Md RARAIA N

surface | ayer on a calibration wa as a on o

vvlllbef acaneters t 0|shratevv|IIbe
o gni 11 A ith 822 pHfihg B, A Fhe Shok B acsﬁﬁofa@gl%gﬁ@ac UM GParay For
anot her %et 0 par aneters he edgfg] ol i sh rate will be si gnl ficantly | ess
t han t hat'“8¢ ?‘ﬁénpﬂf T HR er?@ﬁ‘? retapingfiag In aHBaget BdeMmaer of the
wafer is then polished, using a set of paranmeters which will polish the

t hi cker re¥girestrisal segragptad ﬁeg{\élﬂti rapunded eigentangesyito the mnvicrcumference

of the retaining ring, and meeting the inner circumference at the exit end of an

adjacent non-recessed slurry channel.

Each segmented tab contacts the enclosed wafer over a distance, which
includes the width of the siurry channel exit, which is about 11.5 percent of the

contact distance of a comparable un-recessed retaining ring.

It is another object of this invention to provide a method for improving the
thickness uniformity and/or surface planarity of a surface layer on a wafer, wherein
the surface layer initially exhibits radially symmetrical non-uniform thickness or

planarity between its edge region and its interior region.

This object is accomplished by first depositing or otherwise forming a desired
surface layer to a thickness which is greater than or equal to the desired final
thickness in both edge and interior regions. The wafer is then mounted on the head

of a CMP apparatus which is fitted with a wafer retaining ring having a recessed



will then be reached when the edge region and the interior 53958£nﬂkr?556
surface layer are essentially of the sane thickness or the Upper surfacCe
of the layer is essentially planar. |If upper |ayer overall thickness
uniformty is sought, the upper surface is not necessarily planar.
However, if the wafer surface was planar overall Dbefore deposition of the
surface | ayer, both |layer thickness and surface planarity wll be
realized. Finally, if necessary, the polish paraneters are the switched to
a set which gives the sane polish rate for the edge region and the
interior region. The surface layer is then uniformly polished down to the
final delcees eitgtRivrssand wilbbe Deseribed i gGateBRitaN IDESCRISPENONIDReTHES
DRAWNGS Fig. la is a cross section showing a prior art exanple of the
conponenttds piveation hdiec@MMrappamniteamuzt bisshhagtisd edpaility of gelektibelysaran
isonetric view of a prior art exanple of a wafer retaining ring for a

cheni cal ihaepBAGESH) aPOlirdfdAInFhAd b%sﬁ%ﬁ’g’? Wntd baEOF ¥ Wkt )é?g? @mannel s.

Figs. 2a thru 2b are cross sectional vie an | n-process wa

under goi figy, t%éﬁg} Bglki LhUSRE eorlitBEEhétréfr’é%gﬁéginggq%ﬁ%ggf%iﬁ mog.lfnrgiégethe

enbodi nment s resent’ 1 nvention co pon pritor art

configuratjon. Fig. 3a is. i sogmetric, Vi of novel wafer retaining ring
for o craredppaiais Tiist Jrétha Raranc it REoratelE NG thf RITPING (@irs Obry
channel s and having alternating recesses and tabs according to the

t eachi ngcques{qq)@dmgegmcq V&R ONghcalibration wafer as a function of the ITP and RRP.

It will be found that under one set of parameters the edge polish rate will be
significantly greater than that over the interior region of the wafer. For another set of
parameters the edge polish rate will be significantly less than that over the interior

region of the wafer.

The surface layer of the wafer is then polished, using a set of parameters
which will polish the thicker region at a faster rate than the thinner region. A point
will then be reached when the edge region and the interior region of the surface
layer are essentially of the same thickness or the upper surface of the layer is
essentially planar. If upper layer overall thickness uniformity is sought, the upper
surface is not necessarily planar. However, if the wafer surface was planar overall
before deposition of the surface layer, both layer thickness and surface planarity will
be realized. Finally, if necessary, the polish parameters are the switched to a set
which gives the same polish rate for the edge region and the interior region. The

surface layer is then uniformly polished down to the final desired thickness.

10



Fig. 3bis an isometric view of a portion of the novel waf el 5l @hilel 20bk N9
illustrated in Fig. 3a, showi ng one segnented tab enconpassi'ng a | ong
slurry delivery channel with an adjacent recess with an adjacent short
slurry delivery channel according to the teaching of the present invention
Figs. 4a, 4c, 4e, 49, and 4i are graphs show ng polishing rate as a
function of distance fromthe center of a 200 nm wafer after CMP using a
several values of inner tube pressure and a standard retaining ring with
12 slurry channels at a retaining ring pressure of 3.5 psi. 11 29 Decenber
2006 Figs. 4b, 4d, 4f, 4h, and 4] are graphs show ng polishing rate as a
function of distance fromthe center of a 200 mm wafer after CVMP using a
several values of inner tube pressure and the inproved retaining ring

of 5.5 psi. Fgs sa sBrIEE DESCRKTIGNER dr BrEvR ng "pol i ohi g rate
as a function.of , distance framthe center, of a 200 fer after

ioi ng a sever B0 VAISESCHES SeRTieh SPoMETHR et re S Ble ANa SOTARSERPhY
ring vvithh12.s urr channebsh.at ) .retaining ring pressure of 4.5 psi.

Figs. spehepicasmecianicgl poyshing Stafidlhng showi ng pol i shing rate as a
function of distance fromthe center of a 200 nm wafer after CMP using a

several values of inner tube pressure and the inproved retaining ring

il Tustrated i ,ngFL,g- isBaHV' iéohm%tzt'ics\}ig&.frc}f a prior art example of a wafer retaining ring for

a chemical mechanical polishing station fitted with slurry delivery channels.

Figs. 2a thru 2b are cross sectional views of an in-process wafer undergoing
CMP which illustrate the structure and mechanism of the embodiments of the

present invention compared to a corresponding prior art configuration.

Fig. 3a is an isometric view of a novel wafer retaining ring for a chemical
mechanical polishing station fitted with slurry delivery channels and having

alternating recesses and tabs according to the teaching of the present invention.

Fig. 3b is an isometric view of a portion of the novel wafer retaining ring
ilfustrated in Fig. 3a, showing one segmented tab encompassing a fong slurry
delivery channel with an adjacent recess with an adjacent short siurry delivery

channel according to the teaching of the present invention .

Figs. 4a, 4c¢, 4e, 49g, and 4i are graphs showing polishing rate as a function of
distance from the center of a 200 mm. wafer after CMP using a several values of
inner tube pressure and a standard retaining ring with 12 slurry channels at a
retaining ring pressure of 3.5 psi.
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channels at a retaining ring pressure of 4.5 psi. Fig. 6 is 2@5&%;1{“?%%@
the variation of the average polishing rate in the edge redgion as a
function of inner tube pressure for the standard and the inproved _ _
retaining ring. Fig. 7 is a chart showi ng that, although the data point in
Fig. 6 for the average edge polishing rate for the standard retaining ring
at 4.5 psi. is greater than the nmean polishing rate for the entire wafer.
12 29 Decenber 2006 Figs. 8a through 8c is a sequence of cross sections
showi ng a waf er undergoi ng the processing steps described in the second
enbodi nent of this invention. 13 29 Decenber 2006 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS In a first enbodinent of this invention a design of a
retaining ring for a OV head is described. The enbodiment will be geared
t owar ds pol i sgﬁiﬁg 4, 4k 4fe 4haped 4j ane grafénshowlingmetiehingt r@tslas th Rinktic® bf
wafer. The head of the CWP machine will therefore be discussed in terns of
this sizdistanes frorpites eenter iof ac2@bdimenafdr afleoCMPiubited scoeral 2augsof waf er
but may be applied to any wafer size. Experinental data will be presented

i n which R tybemeweeamﬂherimmoved retaining ring illustrated in Fig. 3 with 12 slurry

channels at a retaining ring pressure of 3.5 psi.

Figs. 5a, 5¢, 5e, 59, and 5i are graphs showing polishing rate as a function of
distance from the center of a 200 mm. wafer after CMP using a several values of
inner tube pressure and a standard retaining ring with 12 slurry channels at a

retaining ring pressure of 4.5 psi.

Figs. 5b, 5d, 5f, 5h, and 5j are graphs showing polishing rate as a function of
distance from the center of a 200 mm. wafer after CMP using a several values of
inner tube pressure and the improved retaining ring illustrated in Fig. 3 with 12 slurry

channels at a retaining ring pressure of 4.5 psi.

Fig. 6 is a chart showing the variation of the average polishing rate in the
edge region as a function of inner tube pressure for the standard and the improved

retaining ring.

Fig. 7 is a chart showing that, although the data point in Fig. 6 for the average
edge polishing rate for the standard retaining ring at 4.5 psi. is greater than the

mean polishing rate for the entire wafer.
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retaining ring is conpared to the performance of the prior | i
ring design shown in Fig. 1b. The CMP machi ne used to obta?%ﬁ?%%hggggﬁggr

both old and new retaining ring design was a Mrra-Mesa polisher

manuf actured by Applied Materials Corporation of Palo Alto, California.
The polisher was fitted with Titan-1 polisher heads which permt the
application of a first pressure to the backside of the wafer during
polishing through a flexible nenbrane and a second pressure to a retaining
ring which surrounds and confines the wafer. The polisher was outfitted

wi th Nano9000 in-situ thickness netrol ogy, used to determ ne the polishing
rates. The sl uhigs.Bathroegip8kiis haeqpedcasédross seadiomsahoxtinge wates t he

| LD1300 slurry and the OXP4100 polisher pad supplied by Rodel Inc. of
Phoeni x Aijjngengsing e pestesepiytétep 9 ricagrist s ksthéessskbdral érbodineiti gfehiss wer e
Fujinori dianond dresser SD- 100P. 14 29 Decenber 2006 Fig. 2a is a cross
section ofhamepventional retaining ring 22, such as that illustrated in
Fig. 1 b, pressed against a polishing pad 16 causing a depression of the
polishing pad. The edge of wafer 12 is essentially butted against the
retaining ring 22. Under the edge 17 the wafer the distance between the
wafer and the polishing pad 16 is greater than that over the rest of the
wafer. While the entire space between the wafer and the polishing pad may
still be filled with slurry 20, the polishing pad has essentially | ost
contact with the wafer under the edge.
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Consequently, the polishing rate would be expected to be si ng% Q%¥§006

di mnished at the wafer edge. This is what was found, over thée entiré
range of inner tube pressures exam ned, regardless of the value of RRP In
order to overcone the distortion of the polishing pad by the retaining ring
at the edge of the wafer, and thereby inprove polishing rate control in
the edge region, the retaining ring design was nodified to recess the area
of contact of the retaining ring away fromthe wafer edge. Referring now
to Fig. 2b, a cross section of the redesigned retaining ring 122 is shown.
Here the polishing pad 16 is in continuous uniformcontact with the wafer
12 all the way out DESERIPTWAIN OfedbiE PRERERREDSEMBODIMENT S et ai ning ring
122 were recessed along it's entire inner circunference, it's ability to
restrict the wafer novenent woul d be conprom sed. To overcone this,
redesigned retaining ring 122 is provided with regions along it's bottom

inner circu e : her.: " 2b
al so shows tﬂé%£ g%?%g¥ﬁ&g E?fg@%ggﬁﬁgaﬁﬁg#ﬁiibér?EﬁﬁﬁghgéﬁﬁggﬁfﬁEt e
region re.t . ey L.ng. i.s.undercyt _according.to_the.teaching
of “the MiEdareSehibed MoR bRt il sl Sl noPRER B hing ab S RFRL
polishin to rise above the edge of the wafer, 12. This suggests, that
the pol B ﬁéﬂmed'afﬂqt%sta\fﬁ@@ﬁ é@@%ﬂ drafehe Thahepd %@M%agﬁ?@at\w t han
the overall rate. Indeed, a higher edge polishing rate is found under
condi t i dhryelgrerie dissupseein telivs qfitbisstize wafer. Hopwever, the embodiment is not

limited to a 200 mm. wafer but may be applied to any wafer size.

Experimental data will be presented in which the performance of the novel
retaining ring is compared to the performance of the prior art retaining ring design
shown in Fig. 1b. The CMP machine used to obtain the data for both old and new
retaining ring design was a Mirra-Mesa polisher manufactured by Applied Materials
Corporation of Palo Alto, California. The polisher was fitted with Titan-1 polisher
heads which permit the application of a first pressure to the backside of the wafer
during polishing through a flexible membrane and a second pressure to a retaining
ring which surrounds and confines the wafer. The polisher was outfitted with
Nano9000 in-situ thickness metrology, used to determine the polishing rates.

The slurry and the polisher pad used in the evaluation were the ILD1300 sturry and
the OXP4100 polisher pad supplied by Rodel Inc. of Phoenix Arizona. The pad
conditioning disks used in the experiments were Fujimori diamond dresser SD-

100P.
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hi gh. The I TP presses down the edge region of the wafer. Th%9qﬂ§%nﬁ%§bﬁ |l e
configuration of the recessed edge retaining ring of the présent 1nvéntion
is shown in isonmetric viewin Fig. 3a where alternate slurry channels 24
are recessed and encl osed by symmetrical rounded tabs 32 which engage and
t hereby confine the wafer under the polishing head. Fig. 3b shows an

enl arged and nore planar view of a portion of the novel retaining ring to
illustrate recessed regions 30 and a segnmented rounded tab 32 which has an
effective contact width "W. Slurry delivery is also believed to be
enhanced by this design, having now channels of alternating |engths 24
and 24". The g &aderedrostisectipnof acomarntionabitchainiVg iy 22, sedraasitmg ri ng
for a 200mm dianmeter wafer is between about 8 and 16 nm If an alternate

neans t plussatedtindag Ut bNgresbed \sRfaiistiSpoIsdihg A 16CHlsatd a\depidssioM offBie be
made even smaller than 8 mqmm without sacrificing the ability of the

r et ai ni RE;dH; J J ! ] . L Mere al so
per for e g pal. Y SR bE LA FOT bRerkidfy BONEH ookt BT TR i kA
rounded,hut. had squar ff outer face straddling the slurry chapnel.
onover 22, nNae Bl 57 Tae wifefhe ifate P emepn dngy aiat fng 6 POGIING and
therefore this option was not pursued. The inproved retaining ring 122
i 11 ust re@édbiin greafs than hat 9ver Bieeregiiof the wieferc AVbdle dhe gngireispace mat eri al
such as pol yphenyl ene sul fide. The height "H' of the

between the wafer and the polishing pad may still be filled with slurry 20, the

polishing pad has essentially lost contact with the wafer under the edge.

Consequently, the polishing rate would be expected to be significantly diminished at

the wafer edge. This is what was found, over the entire range of inner tube

pressures examined, regardless of the value of RRP

in order to overcome the distortion of the polishing pad by the retaining ring at
the edge of the wafer, and thereby improve polishing rate controf in the edge region,
the retaining ring design was modified to recess the area of contact of the retaining
ring away from the wafer edge. Referring now to Fig. 2b, a cross section of the
redesigned retaining ring 122 is shown. Here the polishing pad 16 is in continuous
uniform contact with the wafer 12 all the way out to the wafer edge 17. Obviously, if
the retaining ring 122 were recessed along it's entire inner circumference, it's ability
to restrict the wafer movement would be compromised. To overcome this,
redesigned retaining ring 122 is provided with regions along it's bottom inner

circumference which are not recessed.



recesses 30 is preferably between about 1 and 3 mm The pref,gr
“D' of the recesses at the exit of the slurry channels g4ﬁ j§15 gﬁﬁpgﬁﬁq
the total thickness "t" of the retaining ring 122. The |nproved r et ai ni ng
ring 122 for a 200nm dianeter wafer preferably has about 12 total slurry
channel s. Experinments were perforned to evaluate the inproved retaining
ring design. For these experinents a standard retaining ring of the type
shown in Fig. 1 b with 12 slurry channels was used. The inproved retaining
ring, fashioned according to the design in Fig. 3, had six long slurry
channel s 24', six short slurry channels 24" and six symetrical segnented
rounded t abs FBﬁ 2bFalsoahp0E tmn eftici o wafempriessuenadn the pelishing piadritft in they  of
12 mm the total wafer contact |length, defined as Wtinme the nunber of

segnment pdhibaheréd $hé’ﬂét¥tn1ﬁg fingerazeisturferéliteadconfing &b tise Eeme of tle t he
retaining ring. The preferred total wafer contact |length is between about 7

and 15 Ppe%ﬁgwgﬂ{veﬂfuoﬁh%)dmérocgrre(\sgm%eh?fﬁ% Qiferwiecé(fsﬁg tﬂhgﬂ)léhi’ﬁg Cg[aH to@N

al terna assi st Securin i'sS use ont | engt h

b | ess th thaut f bi Lity. af th
et ai i Y6 APAYS e eape o ot diates 1 2ot W suBRes gl e a@%éﬁés?@ﬁ © 2006

Wth this arrangenent the polishing pad is free of distortion by
r et ai ni weryrédyg, ofatfiei wafies fl2aveddi be gieptenthandheovesalbraier c@ﬁ?eafaﬂjﬁﬂiﬂeﬁ me.
The inproved retaining ring used in the experinments had a recess depth "D

of abougddd pemshiagdatesiedssnd eidghtcohtition wileoa th@ MmerThbe watssure T lkmess
was about 0.7 mm The recess

high. The ITP presses down the edge region of the wafer.

The most desirable configuration of the recessed edge retaining ring of the
present invention is shown in isometric view in Fig. 3a where alternate slurry
channels 24' are recessed and enclosed by symmetrical rounded tabs 32 which
engage and thereby confine the wafer under the polishing head. Fig. 3b shows an
enlarged and more planar view of a portion of the novel retaining ring to illustrate
recessed regions 30 and a segmented rounded tab 32 which has an effective
contact width “W". Slurry delivery is also believed to be enhanced by this design,
having now channels of aiternating lengths 24' and 24". The preferred effective
contact width “W" for a retaining ring for a 200mm. diameter wafer is between about
8 and 16 mm. [f an alternate means to assist securing the wafer is used, the
contact width “W” may be made even smaller than 8 mm. without sacrificing the

ability of the retaining ring to satisfactorily confine the wafer.

Experiments were also performed on segmented contacts which were not
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height "H' is preferably always greater than the wafer thic S....1h
wafers used in the polishing experinents were conventi onal g!gg%r%ﬁ’nm-{;e?m%

di aneter silicon wafers, each with a 10 m cron thick bl anket |ayer of
silicon oxide deposited on their surface by chem cal vapor deposition
(CVD). The thickness of the oxide |ayer on each wafer was measured at many
| ocations on the wafer before and after polishing using the Nano9000

t hi ckness neasurenent capability of the CM polisher. The tool is capable
of nmeasuring thicknesses out to about 99.5 nm fromthe wafer center which
is essentially the very edge of the wafer. The polishing rate was then

pl ot t edofinded bat ady smasaraffrenter facasirandingsthe slumg channelk Hewegicte from
the center of the wafer. The polishing slurry and pad were the |1LD1300

slurry sqafed BErmXOAMEDE foahd shenippawlay gaprg polisting dridghierefare s opon 4g,
and 4i are experinental plots of oxide renoval rate versus distance from

the center %Dﬁrgge&/_afer to the edge of the wafer for different inner tube
pressures P a constant RRP of 3.5 psi. using the conventional
retaining ring The correspondi ng experinental plots for polishing wafers
using the 18 29 Decenber 2006 inproved retaining ring 122 supra are shown

cases ar e o VisnmOTSREaNg Ao 2 BBERIER R i Bty a8 v Pt at en
speed lf;t?riéaagéi of a plastic material such as polyphenylene sulfide. The height "H” of the
recesses 30 is preferably between about 1 and 3 mm. The preferred erths “D” of
the recesses at the exit of the slurry channels 24" is about half the total thickness “t”

of the retaining ring 122. The improved retaining ring 122 for a 200mm. diameter

wafer preferably has about 12 total slurry channels.

Experiments were performed to evaluate the improved retaining ring design.
For these experiments a standard retaining ring of the type shown in Fig. 1b with 12
slurry channels was used. The improved retaining ring, fashioned according to the
design in Fig. 3, had six long slurry channels 24", six short siurry channels 24" and
six symmetrical segmented rounded tabs 32. For a 200 mm. diameter wafer and a
segment length “W” of 12 mm. the total wafer contact length, defined as W time the
number of segmented tabs, is only 11.5 percent of the inner circumference of the
retaining ring. The preferred total wafer contact length is between about 7 and 15
percent of the inner circumference of the retaining ring. If an alternate means to
assist securing the wafer is used, the contact length can be even less than 7 percent

without sacrificing the ability of the retaining ring to satisfactorily confine the wafer.
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Head speed 104 rpm Menbrane pressure (MP) 3.0 psi. Slurrﬁgf om1¥%p 006
m./mn. Polishing time 60 seconds Retaining ring pressure’( ?‘ .% psi
and 4.5 psi. Inner tube pressure (ITP) 1.5 psi to 5.5 psi in 1 psi.
intervals Simlar trends of polish rate profiles were observed for
standard retaining ring and inproved retaining ring when the RRP is fixed
at 4.5psi. These results are presented for the standard retaining ring in
Figs. 5a, 5c, 5e, 5g, and 5i and for the inproved retaining ring in Figs.
5b, 5d, 5f, 5h, and 5j. Conpared to the standard retaining ring design
(Fig. 1b) under the sanme 19 29 Decenber 2006 polishing conditions,
inproved retaining ring design (Fig. 3) denonstrated nore flexibility in
the oxide polish rate profile control. For the standard retaining ring, it

was observed tWith thisearpaidesrhentthe pelhirigheadikf fese eflgtovtisn dywag Selaving
conpared to that in center region, whereas for inproved retaining ring,

the overrld, aROllusifatedire Fidray, idver @8!(—5 R%%ri%?ﬁ e te! MY infptBGePrSaRNG

(I'TP) and retaining ring pressure o be wafer edge fast, equal’, or

slow wi t t ; f . s i i . c, 4e,
g, and Y SRERAE R thagtits $B R Uengb o "0 My ThE ang e g
ring cor},si.stqp't,w as Iowe[r polish rate in the wafer edge region

eight ot about Zmm. The wafer thickness was about 0.7 mm.” The recess

height “H” is preferably always greater than the wafer thickness.

The wafers used in the polishing experiments were conventional 200 mm.
diameter silicon wafers, each with a 10 micron thick blanket layer of silicon oxide
deposited on their surface by chemical vapor deposition (CVD). The thickness of
the oxide layer on each wafer was measured at many locations on the wafer before
and after polishing using the Nano9000 thickness measurement capability of the
CMP polisher. The tool is capable of measuring thicknesses out to about 99.5 mm.
from the wafer center which is essentially the very edge of the wafer. The polishing
rate was then plotted for the many measurement locations as a function of distance
from the center of the wafer. The polishing slurry and pad were the ILD1300 slurry

and the OXP4100 polisher pad respectively.

Figs. 4a, 4c, 4e, 49, and 4i are experimental plots of oxide removal rate
versus distance from the center of the wafer to the edge of the wafer for different
inner tube pressures ITP and a constant RRP of 3.5 psi. using the conventional

retaining ring The corresponding experimental plots for polishing wafers using the
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than in areas further away fromthe wafer edge. For the inpr r et ai,pih Ng
ring, the polish rate in the wafer edge region varies Wthﬁ%@eﬁ%eﬁggﬁ@

| TP, the polish rate in the wafer edge region is |lower than that in the
waf er center region (Figs. 4b and 4d). At higher ITP, the polish rate in
t he waf er edge regi on becones higher than that in the wafer center region
(Figs. 4h and 4j). Simlar trends of polish rate profiles were observed
for standard retaining ring and inproved retaining ring when the RRP is
fixed at 4.5psi. These results are presented for the standard retaining
ring in Figs. b5a, 5c, 5e, 5g, and 5i and for the inproved retaining ring
in Figs. ibiprosed ré&hinind ringrk®2 &jpraFagusteoven §hbigs. #heddyéf,ade apdi4jshheat e i n
the wafer edge region (the average of the polish rates in the region
greater thaphBfy paraniétem LH&d Geal easey ald\GivaieThblepl. ot t ed agai nst the

i nner tube pressure for each of the data Sets displayed in Figs. 4 and 5.
The nmean wafer polish rate of 2.5 kA/mn. is also shown as horizontal |ine
to 20 29 Decenber 2006 illustrate the better edge control achieved with
the inproved retaining ring design of the present invention. For standard
Retaining ring, under RRP=4.5 psi and I TP=5.5 psi, the edge polish rate
seens to be higher than the average polish rate according to figure 6.
However, the p?%ﬁ‘?l'e Expedimenta| garameterolt MPal 1 -of f in the edge region.
This is because the edge polish rate profile under this condition

I ncreaseq Fqg?é?\ngpete%e 110 rpm.
Head speed 104 rpm.
Membrane pressure (MP) 3.0 psi.
Slurry flow 100 mi./min.
Polishing time 60 seconds
Retaining ring pressure (RRP) 3.5 psi and 4.5 psi.
Inner tube pressure (ITP) 1.5 psi to 5.5 psiin 1 psi. intervals

Simitar trends of polish rate profiles were observed for standard retaining ring
and improved retaining ring when the RRP is fixed at 4.5psi. These results are
presented for the standard retaining ring in Figs. 5a, 5c, §e, 6g, and 5i and for the

improved retaining ring in Figs. b, 5d, 5f, 6h, and 5j.

Compared to the standard retaining ring design (Fig. 1b) under the same
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96mm point before the rate finally trends down with respecty,tQ. L ge
rate as shown in Fig. 7. Thus the trend in polishing rate fzgrﬂ?cﬁgl%se?gﬁggrd
retaining ring is still always dowward towards the very edge. This is not
found for the inproved retaining ring at 1TP=5.5 psi and RRP=4.5 psi.
However the data in Fig. 4] also show a drop off of polish rate at the
very edge of the wafer after a steep increase. The differences in wafer
edge polish rate profile between standard Retaining ring and inproved

Ret ai ning ring suggests that the presence of enpty space between the
contact segnments changes the interaction between wafer and pad under

di f f er entpdligmngrapnRitizNs], Impyesitretalaing rivet deésigngFigi 3y demonsgadeshtmorehere i s
pad defornmation along the edges of the retaining ring due to the RRP. In
addi ti on fleiiglitp attriedtidaniclion ra profile earitesaor h@BEhridaed ragirfhg dingett | on
towards wafer center. Such pad deformation causes a snmall separation

bet ween vafeshsuHd@aeatand pRidh W&@rnéé}%hg%ﬁbf‘bﬂge WOamBdeoRer é&ﬂp@réd‘
I pol 1 shi y

Figure 2a. This always results in a | ower ng rate"at the ve 21 29

December 5‘? ﬂgaﬁ in _%éﬂ%eﬁ%g*mo&i Wi ks fq?énirn%'gé\'fne%’defe‘,‘é@gm i rfrg i 'Re Rl pgl‘i’s%era"i‘

areas th from wa pressure”exerted by
the pad on fer js sli |y higher and thjis results in a slightly higher
bol i o ngrotiEeoutd Be dudthbidanehHbs edsise Ul Tl it FoGgreugerant |
there is also the pad deformation along the edges of the Retaining ring

due to tKBRRRtO bﬁw@ﬁﬁéueﬂgterfésu@néah@trisgw witha@apect to that of wafer center.

As shown in Figs. . 4a, 4c¢, 4e, 49, and 4i, wherein the RRP is fixed at 3.5Psi, the
standard retaining ring consistently has a lower polish rate in the wafer edge region
than in areas further away from the wafer edge. For the improved retaining ring, the
polish rate in the wafer edge region varies with ITP. At low ITP, the polish rate in
the wafer edge region is lower than that in the wafer center region (Figs. 4b and 4d).
At higher ITP, the polish rate in the wafer edge region becomes higher than that in
the wafer center region (Figs. 4h and 4j). Similar trends of polish rate profiles were
observed for standard retaining ring and improved retaining ring when the RRP is
fixed at 4.5psi. These results are presented for the standard retaining ring in Figs.
5a, 5c¢, Se, 5g, and 5i and for the improved retaining ring in Figs. 5b, 5d, 5f, 5h, and

5.

Figure 6 shows the average polish rate in the wafer edge region (the average
of the polish rates in the region greater than 96 mm. from the center of the wafer)
plotted against the inner tube pressure for each of the data sets displayed in Figs. 4

and 5. The mean wafer polish rate of 2.5 kA/min. is also shown as horizontal line to
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fromthe wafer edge as shown in Figure 2b. There is better %@W&%ﬁhﬁ&?&ﬁﬁ@”
waf er surface and pad, especially around wafer edge. This résults 1Th a
better response of polish rate around the wafer edge at different inner
tube pressures, i.e., high over- polishing at high I TP and high
under-polishing at low I TP. The inproved Retaining ring structure is able
to provide a conplete range of polish rate profile for wafer edge. Mre
specifically, it allows wafer edge polish rate to be adjusted either

hi gher, equal, or lower than the polish rate at the wafer center region.
On the other hand, the standard retaining ring always gives | ow wafer

pol i sh rilusérade theabetterddege cPnisok attaevedwihiheimpoveactetaisingeing dasigntdie
enpty space between themon the inproved retaining ring plays an inportant
rol e in ahéprésunt ithdrftionent degrees of contact between the polishing pad
and the wafer surface around the edges which, in turn, leads to an

i nproved waf er edge polish capability. The inproved retaining ring
structure is generally applicable in other polisher heads that uses a

sl ar el al g il kif NG, UPAS! RRELPETLIAGY HULE BB AN,

Wiile the trend in polishing r he st and aining ring 1

22 29 Decenber 2006 d rd towards the very edge, This is geperally not
found  oPolaratRResras (o PETIghe N ihg anpraorriaih Tals Aoy el G B
However the data in Fi_}gé 4] also show a drop off of polish rate at the very
edge of tHuweveretheginodile datetindyig.i 4ictwaeea falkepff in theedge redige. fbigiion. It may
be that the polish rate begins to drop off at the
because the edge polish rate profile under this condition increases beyond the
96mm. point before the rate finally trends down with respect to the average rate as
shown in Fig. 7. Thus the trend in polishing rate for the standard retaining ring is still
always downward towards the very edge. This is not found for the improved

retaining ring at ITP=5.5 psi and RRP=4.5 psi. However the data in Fig. 4j also

show a drop off of polish rate at the very edge of the wafer after a steep increase.

The differences in wafer edge polish rate profile between standard Retaining
ring and improved Retaining ring suggests that the presence of empty space
between the contact segments changes the interaction between wafer and pad
under different ITP and RRP.

In the standard retaining ring arrangement, there is pad deformation along
the edges of the retaining ring due to the RRP. In addition, the pad deformation is
not constant along the radial direction towards wafer center. Such pad deformation
causes a small separation between wafer surface and pad near the Retaining ring

edge as shown in Figure 2a. This always results in a lower polishing rate at the very

21



extreme edge in all cases but is beyond the capability of taﬁég% ﬁH; .
Nevert hel ess, the |nproved retaining ring significantly exté “thelsa e
wafer "real estate" at the wafer edge, making this area now useabl e for
integrated circuit product. The inproved retaining ring allows a flat

t hi ckness profile to be achieved regardless of the incom ng thickness
profile (flat, edge thick, or edge thin). In addition, since the polish
rate profiles can be varied easily through the retaining ring pressure and
the inner tube pressure, polishing conditions can be easily adjusted

during polishing to achieve the desired end profiles. The inproved

ret ai ni ngeddengft ?Y@rwaiedessbg?ﬁlym@y frandthreheaferredget dtaveas thateareerY4mater  edge
polishing rate as well as an increase is useable wafer area. In a second

enbodi mendwaf frohi waterwaniténRontaotpidwairé @xerteting thBeadmn axeer isreiyatipni ng
ring, described herein, is presented. Referring to Fig. 8a, an initially

overal | m@e&%n@ﬂ@s%@uleuﬁ@wht@'m GOMpURHRIg Aot yRisevaded, Vafer 40 is

an "in-process waf er and may "al ready have orne nore | evel s of
manuf act 4 t f
As depos.‘*ﬁqﬁg%h%‘féﬁ ”.e?%'ﬁrﬂ M SradbhiSe G4 48e BRPBRU SEatBd HoRb ner
inthe e ere han.in .the overall i or on 46. The.thickness
i of 1 HBSSeBReaR (85 R ielnd RuBE e e et faimplog i dvey
than a final desired thickness té
from the wafer edge as shown in Figure 2b. There is better contact between wafer
surface and pad, especially around wafer edge. This results in a better response of

polish rate around the wafer edge at different inner tube pressures, i.e., high over-

polishing at high ITP and high under-polishing at low TP,

The improved Retaining ring structure is able to provide a complete range of
polish rate profile for wafer edge. More specifically, it allows wafer edge polish rate
o be adjusted either higher, equal, or lower than the polish rate at the wafer center
region. On the other hand, the standard retaining ring always gives low wafer polish
rate at wafer edge. The total length of contact segments and the empty space
between them on the improved retaining ring plays an important role in allowing
different degrees of contact between the polishing pad and the wafer surface around
the edges which, in turn, leads to an improved wafer edge polish capability. The
improved retaining ring structure is generally applicable in other polisher heads that

uses a similar retaining ring to keep the wafers in position during polishing.

While the trend in polishing rate for the standard retaining ring is always
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Wafer 40 is next nounted on the head of a CWP polishing nmac
the Mrra-Mesa3 polisher fitted with a Titan-1 polisher heagbqﬁﬁ%gﬁgr§§06

i nproved recessed face retaining ring described by the first enbodi nent of
this invention. The polisher also nust have the capability of selectively
and independently applying downward pressure (I TP) onto back of a wafer
edge, (MP) onto the wafer bulk, and (RRP) onto the inproved retaining
ring. Using a ILD1300 slurry and the OXP4100 polisher pad, a platen speed
of about 110rpm a head speed of about 104 rpm, a nenbrane pressure of
about 3 psi., a slurry flow of about 100 mM./mn., a I TP of about 4.5 psi.

and a RREowhvardidwards Pei veryldtigeoxTiiie id g¥RérAy do%fdlﬁd ﬁﬁ%ﬁe Ef_fdveﬁhe
surface becones essentially planar as shown in Fig. 8b P is changed

to abouteRifngfihg ATHP= Wé?ﬁ r}]ochﬁ'ltgé{@g%ﬂ)’HB e&%?t%t@&ra 'Rﬁ@?ﬁta?%ached

polishing is <continued unt esire ness
he first set of

F 8
g)alr gmet g%s ‘B?og': gs%%ﬁggsp%ﬁ F%t %tg?lvﬁ@( Elf@e %E Wé %I & 1eSte8gdN¢EgP8N i s
pol i shed ster th t he. éerlor region, leading to an overall planar
p

surface. W?ﬂé”@é@% Sedegian. pl e peaat f@@rﬁ%bdﬁ@sb@@nﬁﬁ@ droRy offsit the of i | e
wherein the edge region is polished at approximtely the sane rate as the
i nt eri or SXEYNEEAgeA eapasleutfis bglyouddhe edpaniiBooMeeenbasur@itst hi ckness.
To obtain the same results using an RRP of 3.5 psi., a first polishing

Fgr i od4L R)ﬂepe{alréneiessz ehehimpsovédestairsng eing g nisdadiyvttdn @ tHel s e v PShal
ig an

estate” at the wafer edge, making this area now useable for integrated circuit

product.

The improved retaining ring allows a flat thickness profile to be achieved
regardless of the incoming thickness profile (flat, edge thick, or edge thin). In
addition, since the polish rate profiles can be varied easily through the retaining ring
pressure and the inner tube pressure, polishing conditions can be easily adjusted
during polishing to achieve the desired end profiles. The improved retaining ring
provides a simpler and cheaper option for better wafer edge polishing rate as well as

an increase is useable wafer area.

In a second embodiment of this invention, a method for using the improved
retaining ring, described herein, is presented. Referring to Fig. 8a, an initially overall
planar 200 mm. diameter silicon wafer 40 is provided. Wafer 40 is an “in-process”
wafer and may already have one of more levels of manufacture on it. A layer 42

of silicon oxide is deposited onto wafer 40. As deposited, the silicon oxide layer 42
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then, swtching ITP to 3.5 psi. (Fig. 4f) would | ead the ta
The second enbodi nent describes a nethod for planarizing an g%‘?gﬂggaﬁ&g

| ayer to a desired thickness wherein the initial surface had an edge region
which is thinner than the interior region. It should be understood that,
for the reverse case, wherein the edge region is thicker than the interior
region, the first set of paraneters to use to achieve a planar surface
woul d be of lower |ITP such as reflected in Fig. 4b or 4d,or 5b, or 5d. The
second set of paraneters, to achieve a target thickness (tr) would then be
the sane as those given in the enbodi nent, nanmely those which produce

uni f or m FoRItBIANAEITT e exge regige ddrbianrin ¢né overighensr ¢(ddign 46f TheFig 5t).
Wil e the enbodi ments of this invention are described for a 200 nm

di aret er tiviekmess itt obtheuwdiicdreokiadasgécindhé f{‘lﬁhnéhé&{gé@ébi@ﬁ 4@99 gréﬁetr Ml ?er

wafer sizes as well. Wiile a silicon oxide [ayer”was used ustrate

the secopdaegddid®iikneks «4fi s invention, the principles and t echni ques of
t he enmbodi nent coul d be appl ied to other material | ayers as well. 25 29

Decenber 2006 Wiile this invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it wll be
under st ood by %ﬁ skilled in the art that various changes in form and
details may bY¥V#RHAVE Mestimoudder ppithg leasmmitahEMp polishiagdnacupe sothtse

invention.
the Mirra-Mesa$ polisher fitted with a Titan-1 polisher head and an improved

recessed face retaining ring described by the first embodiment of this invention. The
polisher also must have the capability of selectively and independently applying
downward pressure (ITP) onto back of a wafer edge, (MP) onto the wafer bulk, and
(RRP} onto the improved retaining ring. Using a ILD1300 slurry and the OXP4100
polisher pad, a platen speed of about 110rpm, a head speed of about 104 rpm., a
membrane pressure of about 3 psi., a slurry flow of about 100 ml./min. a ITP of
about 4.5 psi. and a RRP of about 4.5 psi., the oxide layer 42 is polished untit the
surface becomes essentially planar as shown in Fig. 8b. Next ITP is changed to
about 3.5 psi. and, without changing any of the other parameters, polishing is

continued until the final desired thickness "t is reached (Fig. 8c).

Referring back to Fig. 5, it is shown that the first set of parameters
corresponds to the profile Fig. 5h wherein the edge region is polished faster than the
interior region, leading to an overall pianar surface. The second set of parameters
corresponds to the Fig. 5f profile wherein the edge region is polished at

approximately the same rate as the interior region, leads to the final desired
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Wiat is clained is: 26 29 Decenber 2006 CLAIMS 1. A retainijaqy I .09 f960é
rot at abl e chem cal nechani cal polishing head conprising: (&) an I nner

peri pheral surface; (b) an outer peripheral surface; (c) a |ower surface
adapted to contact and depress an upper surface of a polishing pad during
chem cal nechani cal polishing of the ower surface of a substrate
contained within said inner peripheral surface during chem cal mechani cal
polishing; and (d) said | ower surface having a even nunbered plurality of
evenly spaced slurry channels, originating at said outer peripheral
surface and angled toward said inner peripheral surface, each of said

pl ur al i t $higknespenl§ oble doe spe eseianeiosamBRRY of 3di psil.ya firsgpetishingt he
direction of rotation of said polishing head, and wherein said plurality
of evenl pespddepiatarmeghe ssirface)is elcaomplished eithurrt 8T ot riapgedFigndlan and

al ternating sequence of |ong and short channels, proceeding around the

L s L AT LS TUIAr SISRER TR channel
The second embodiment describes a method for planarizing and polishing a

layer to a desired thickness wherein the initial surface had an edge region which is
thinner than the interior region. It should be understood that, for the reverse case,
wherein the edge region is thicker than the interior region, the first set of parameters
to use to achieve a planar surface would be of lower ITP such as reflected in Fig. 4b
or 4d,or 5b, or 5d. The second set of parameters, to achieve a target thickness (t;)
woulld then be the same as those given in the embodiment, namely those which

produce uniform polishing for both edge and interior regions (Fig. 4f or Fig 5f).

While the embodiments of this invention are described for a 200 mm.
diameter wafer, it should be understood that they can be applied to other wafer

sizes as well.
While a silicon oxide layer was used to illustrate the second embodiment of

this invention, the principles and techniques of the embodiment could be applied to

other material layers as well.
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peri pheral surface and each one of said short channels EXtngﬁB%mgﬁk §ﬁh§
outer peripheral surface to a corresponding cavity of a plurali ¥
cavities forned in the | ower surface, each one of said plurality of
cavities extending fromsaid i nner peripheral surface towards said outer
peri pheral surface for a radial depth and a hei ght above said |ower
surface sufficient, to prevent depression of a subjacent polishing pad
under the edge of a retained wafer adjacent to said cavity, each of said
plurality of cavities being further bounded |aterally by non-recessed
regi ons which formsegnented tabs through which adjacent |ong channels
pass, there being as many segnented tabs as there are |ong channels, each
of said segnmented tabs having a rounded edge, tangent to the inner

ci rcunf erence, of al. t ai ni ri ti.ng sa inner CI cunf erence at
an end of -2 @t%§ ‘ﬁﬁ@Pnfﬁﬁg%Q&ﬂﬁhﬁﬁﬁﬁ;?Wéhﬂ Qﬁgﬁ‘ﬁ ﬁgﬁNrbcessed | ong
channel and whereby each said. s an ctjve, contact wdth
at said rer’fﬁé%ncersaﬁepw gre 8?‘?858"%{8%5?%?3#3 0l bE Sefer St HERE . o The
retaining ring of claiml fitted for a 200 mm_ di aneter si n wafer.

The ret aﬁh’i]%'“rﬁhﬁg"'"btf‘ai:Y%ﬁ%szcr\ﬁﬁ@?%i%fOé@lEﬂ‘dpq"?}?‘éﬁ ey b@fm@%m‘@ogbaced

slurry channels is 12 in nunber and thereby said retaining ring has 6
r ecesseddepaftingfrlem the spirit and scope of the invention.

What is claimed is:
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and 6 non-recessed channels, and 6 symmetrical segnented tabg.ns. :
retaining ring of claim2 wherein the effective contact w dt %éeg-aggﬁzgqﬁ
said symmetrical segnmented tabs is between about 8 and 16 nm in lieu of an
alternate neans for retaining said wafer, whereupon the effective contact
width could be less than 8 nm 5. The retaining ring of claiml| wherein
the height of said recessed cavity is between about 1 and 3 mMm 6. The
retaini ng CLagef claim2 wherein the depth of said recessed cavity is
about half the total depth of the retaining ring. 7. The retaining ring of
claiml wherein the preferred total wafer contact Iength is between about

of “an altornat ¢ [RamNEiNGRE s RGEHIE ERERER) HlochghRal PRy RBal 10 o0 | ©
| engt h couwothfrsimgess than 7 percent of said inner circunference. 8. The
retaining ring o; claim1 wherein said evenly spaced slurry channels are
strai ght. -28 (a an inner peripheral surface;
(b}  anouter peripheral surface;
(c)  alower surface adapted to contact and depress an upper surface of
a polishing pad during chemical mechanical polishing of the lower
surface of a substrate contained within said inner peripheral surface
during chemical mechanical polishing; and
(d)  said lower surface having a even numbered plurality of evenly
spaced slurry channels, originating at said outer peripheral surface
and angled toward said inner peripheral surface, each of said
plurality of evenly spaced slurry channels being radially angled in the
direction of rotation of said polishing head, and wherein said plurality
of evenly spaced straight slurry channels are further arranged in an
alternating sequence of long and short channels, proceeding around
the perimeter of said retainer ring, wherein each one of said long
channels extends from said inner peripheral surface to said outer
peripheral surface and each one of said short channels extends from
said outer peripheral surface to a corresponding cavity of a plurality
of cavities formed in the lower surface, each one of said plurality of
cavities extending from said inner peripheral surface towards said
outer peripheral surface for a radial depth and a height above said
lower surface sufficient, to prevent depression of a subjacent
polishing pad under the edge of a retained wafer adjacent to said
cavity, each of said plurality of cavities being further bounded
taterally by non-recessed regions which form segmented tabs
through which adjacent long channels pass, there being as many
segmented tabs as there are long channels, each of said segmented
tabs having a rounded edge, tangent to the inner circumference of

said retaining ring, meeting said inner circumference at an end of
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and symmetrical with a non-recessed long channel and whereby
each said segmented tab has an effective contact width at said inner

peripheral surface against a wafer enclosed therein.
2. The retaining ring of claim 1 fitted for a 200 mm. diameter silicon wafer.

3. The retaining ring of claim 2 wherein said plurality of evenly spaced slurry
channels is 12 in number and thereby said retaining ring has 6 recessed channels

and 6 non-recessed channels, and 6 symmetrical segmented tabs.

4, The retaining ring of claim 2 wherein the effective contact width of each of
said symmetrical segmented tabs is between about 8 and 16 mm. in lieu of an
alternate means for retaining said wafer, whereupon the effective contact width

could be less than 8 mm.

5. The retaining ring of claim 1 wherein the height of said recessed cavity is

between about 1 and 3 mm.

6. The retaining ring of claim 2 wherein the depth of said recessed cavity is

about half the total depth of the retaining ring.

7. The retaining ring of claim 1 wherein the preferred total wafer contact
length is between about 7 and 15 percent of the inner circumference of said
retaining ring in lieu of an alternate means for retaining said wafer, whereupon the

contact length could be less than 7 percent of said inner circumference.

8. The retaining ring of claim 1 wherein said evenly spaced slurry channels

are straight.
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