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Mechani cal Polishing) of a sem conductor substrate and nore specifically
to an inproved substrate carrier head for a CMP apparatus, having a

‘substrate retaini pRerBAL! RERRRSCAL poBSsHIRS ABMIRRRUS wEsR POl T shing

slurry onto the substrate, thus inproving the polish removal rate

uni formty. IMPROVED E58BsPREER CARRN:RFHERD AN ART In the

fabrication of sem conductor integrated circuits CM (Chem cal Mechani cal
Pol i shing) has been devel oped for MEWHDD @R@SsBroot h t opogr aphi es on
surfaces deposited on the sem conductor substrates. Rough topography
results when netal conductor lines are formed over a substrate containing
device circuitry. The netal conductor |lines serve to interconnect discrete
devi ces, and thus form int BAGEEROUND QUi THE INYENRHON conductor lines are
further insulated fromthe next interconnection |evel by thin |ayers of

insul ating material and hol 43)f BEAFER OFr BHEhINWENTEGQN| ating | ayers provide

el ectrical access between successive
This invention relates to an apparatus and method for

CMP (Chemical Mechanical Polishing) of a semiconductor
substrate and more specifically to an improved substrate
carrier head for a CMP apparatus, having a substrate
retaining ring that facilitates distribution of the polishing
slurry onto the substrate, thus improving the polish removal

rate uniformity.

(2) DESCRIPTION OF RELATED ART

In the fabrication of semiconductor integrated circuits
CMP (Chemical Mechanical Polishing) has been developed for
providing smooth topographies on surfaces deposited on the
semiconductor substrates. Rough topography results when
metal conductor lines are formed over a substrate containing
device circuitry. The metal conductor lines serve to
interconnect discrete devices, and thus form integrated
circuits. The metal conductor lines are further insulated
from the next interconnection level by thin layers of
insulating material and holes formed through the insulating

layers provide electrical access between successive



2 conductive interconnection layers. In such wiring processes, it is
desirable that the insulating |layers have a snooth surface topography,
since it is difficult to lithographically image and pattern |ayers applied
to rough surfaces. CWP can, also, be used to renove different |ayers of
material fromthe surface of a sem conductor substrate. For exanple,
followng via hole formation in an insulaing nmaterial |ayer, a
met al | i zatemddahiere i i e mrdeeieatdmos iltag@rand tTihe 8uGkPwi T inge $rdcesyexiuce
pl anar netal studs enbedded in the insulating material |ayer.
Briefly, tie iGvRegiowrdslsesthatydihee imsudiaty rgnd ayerst haye a tshicotH | at
substrate of the sem conductor material against a wetted polishing surface
under contSWiake IRPRIEAPLY predang d tadd Cdffdcaddr &oc dadhogmaphisgadiani cal
such as alumna or silica, is wused

slurry contai niqnfgqa EPOI i shing agent, s
as the abr’dd9f &3 Grermd N ch ARRL 1 e & romdtn isurfpgesy ¢ SAigRn,
sel ected chem cal s whi etch vari sur.fgces of the substrate during
processi ngamsﬁfe ceor}ﬁ%&a?f%rf@&venéﬁ#}rﬁrﬂt e fc I tedtalf reom ke i al
during pal.séd I J Ol iAaZat ign. of _th old shed .
sur f ace. cgd%é}glér\ie%]/é%%p%nat uségsrotsﬁ%ssubs Sat g%ﬂreier:f&mﬁ) Ie!p’s rfé%%é"mg
af fixed tay@ HNArE S 4:&n K8A%n E!}fg\ﬁ%fﬂi'n‘ai] nl%&%‘i»igd 1oy xgd substrate
are then pressed agai nst the polishing pad aving the poli<hing slurry
thereon. Imetderzdtd reddeer H& blanket deposited and then CMP is used

to produce planar metal studs embedded in the insulating

material layer.

Briefly, the CMP processes involve holding and rotating
a thin, flat substrate of the semiconductor material against
a wetted polishing surface under controlled chemical,
pressure and temperature conditions. A chemical slurry
containing a polishing agent, such as alumina or silica, is
used as the abrasive material. Additionally, the chemical
slurry contains selected chemicals which etch various
surfaces of the substrate during processing. The combination
of mechanical and chemical removal of material during
polishing results in superior planarization of the polished

surface.

In CMP apparatuses the substrate being polished is
affixed to a planar carrier head. The carrier head and
affixed substrate are then pressed against the polishing pad

having the polishing slurry thereon. In order to secure the



3 substrate to the carrier head during polishing a retaining ring

surrounds

the substrate. The retaining ring surrounding the substrate

an inner dianeter slightly larger than the dianeter of the substrate.

outer dia
t he i nner
t hi ckness

meter of the retaining ring is approximately 1 inch larger th
di anmeter, thus forming a 1 inch wall in the retaining ring.
of the retaining ring is about 4/8 inch and the upper and |o

surfaces QWG AditHe rdéﬁl%rxehﬁéﬁahh%Hng ;legﬁaatf;nangetbmamas

descri bed, prevents the substrate from slipping from

during po
pol i shi ng
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The retaining ring, as described, prevents the substrate from
slipping from the polishing head during polishing, but has
the detrimental effect of impeding the flow of polishing
slurry to and from the substrate during polishing. It is
known in the art that polishing uniformity is a function of
pressure, velocity, and concentration of polishing chemicals.
Furthermore, as a substrate is polished chemical byproducts
locally change the uniformity of the polishing slurry through
changing the slurry pH, slurry composition, and slurry
particle size and these local changes can affect the local

‘polish removal rate.

Since an important challenge in CMP is to improve the
uniformity of the polish removal rate across the substrate,
it is, therefore important to control the distribution of
polishing slurry over the substrate during the polishing
process and to control the removal of polishing byproducts
from the substrate during the polishing process in order to

achieve maximum polish removal uniformity. At the same time
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4 it is inportant to nmximize the throughput of CMP machines in order to
reduce the cost of product. However, state-of-the- art retaining rings for
CWP apparatus inpede the flow of slurry to and fromthe substrate during
polishing and, also, inpede the renoval of polishing byproducts fromthe
substrate during polishing. U S Pat. No. 5,681,215 entitled
“"Carrier Head Design For a Chem cal Mechanical Polishing Apparatus"”

d M chae b
head havi a& ésfifngﬁﬁ%tt‘)tﬁgﬁﬁﬁlms%i‘@%r‘§§ 8%%“3‘*# G B efetr 1§
ol udes 30! kudbao.RQr than ko ecaaLaGLE ﬁ§w8'9e£5héﬁ%1;8ag£|a€ﬂebl ocks

t he subst?a fromslippin fro er f he "base a&se

descri bed iy ee%llhm@n&matsa%benckbaspbaehweslﬁpéaaafﬁéefmad ggndi tioning
apparatus having a rotatable armand an independently rotating

condi ti ongn ykegd tol BRdc Fdin theesudRRbReUSUFBHhE! pbDSshiAg &Aadi hles,of the
polishing pad so that it will effectively polish any substrate pressed

agai nst i impleidee thie remosadt offgpolishing ByBroBattsNfrom, 6B¢, 288Bsertitel ed
"Chem cal Mechanical Polishing Apparatus Wth I nproved Carrier and Method
of Use" ghuaitngd pd@dishd;g.1997 to Nor man Shendon shows a CMP carrier head
which facilitates substrate Ioadlng retaining and unloading in a CWP
appar at us.

U.S. Pat. No. 5,681,215 entitled “Carrier Head Design
For a Chemical Mechanical Polishing Apparatus” granted Oct.
28, 1997 to Michael T. Sherwood et al describes a CMP carrier
head having a retaining ring in the base assembly. The
retaining ring includes a protruding portion which contacts
the polishing pad and blocks the substrate from slipping out
from under the base assembly. Also, described is a polishing
station that includes a separate pad conditioning apparatus
having a rotatable arm and an independently rotating
conditioner head. The conditioner apparatus maintains the
condition of the polishing pad so that it will effectively

polish any substrate pressed against it while it is rotating.

U.S. Pat. No. 5,624,299 entitled “Chemical Mechanical
Polishing Apparatus With Improved Carrier and Method of Use”
granted Apr. 29, 1997 to Norman Shendon shows a CMP carrier
head which facilitates substrate loading, retaining and

unloading in a CMP apparatus.



5, U S Pat. No. 5,571,044 entitled "Wafer Hol der For Sem conduct or
Waf er Pol i shing Machi ne" granted Nov. 5, 1996 to Hoonan Bol andi et al
descri bes a wafer holder for a polishing machine. U S. Pat. No.
5,643,061 entitled "Pneurmatic Polishing Head For CWVP Apparatus” granted
Jul. 1, 1997 to Paul David Jackson et al describes a CW polishing head
which includes a retaining ring. The waf & substrate can be pressed

agai nst the polishin% pad with a force independent of the force applied
to the retaini HgSri Rgt.Sher.ab,§i7de0é4, enheth@@d“wafeth@ohﬂeérgﬁae of the
retaining ring, assist in circulating the polishing slurry about a wafer
subst r at e S&md gopdugdor, ¥pdexi Rglishgng Machine{) graphed Ngv.556119266

titled "Hold t t al t S Waf
g?ogesgln I%%“G%%@%%dgf§§e?§e ?%SGSE gﬁ%cgggﬁﬁyﬁgfg%raggﬁn?conchtor

Waf er " grag% &1¥%r 997 to Seshadri Ramaswam et al describes a
waf er ret &3 ‘prevents netal deposition on a portion of a
waf er substrate. U.S. Pat. No. 5,403,228 entitled "Techni ques For

Assenbl ing Polishing Pads For Silicon Wafer Polishing” granted Apr. 4,
1995 to Nichol g5 gR PBasCholes;kubedsthentiRuBHI REn8imheTLN8bed shehigshi ng

pads to a polishing platen. fhe nnuntlng met hod prevents catastrophic

del am nat HeadoForth&€MP Apparatus” granted Jul. 1, 1997 to Paul David
Jackson et al describes a CMP polishing head which includes a
retaining ring. The wafer substrate can be pressed against
the polishing pad with a force independent of the force
applied to the retaining ring. Spiral grooves, included in
the underside of the retaining ring, assist in Circulating

the polishing slurry about a wafer substrate within the

retaining ring.

U.S. Pat. No. 5,614,446 entitled “Holding Apparatus, A
Metal Deposition System, and a Wafer Processing Method Which
Preserve Topographical Marks on a Semiconductor Wafer”
granted Mar. 25, 1997 to Seshadri Ramaswami et al describes a
wafer retaining ring which prevents metal deposition on a

portion of a wafer substrate.

U.S. Pat. No. 5,403,228 entitled “Techniques For
Assembling Polishing Pads For Silicon Wafer Polishing”
granted Apr. 4, 1995 to Nicholas R. Pasch describes the
mounting of laminated polishing pads to a polishing platen.

The mounting method prevents catastrophic delamination of the



6 . pads and, also, fornms a bow -1like surface which retains slurry better
than a pl anar surface. The present invention is directed to a nove
CVP apparatus and CVP net hod which inprove the distribution of polishing
slurry onto the substrate and inprove the polish renoval rate uniformty
on the substrate. SUMVARY OF THE | NVENTI ON It
Is a general object of the present inventéon to provide an inproved and

o S o S T CTLIR 5B ARG 1 T
i mprove ' . obj ect o
the present_ invention is.to provide a _n and i nproved apparatus and CVP
net hod mhe’f]é’(ﬁ)‘%g‘?‘?gfﬁ%gth@ F ﬁqn?xhrﬁufr?lgrﬁey distributed onto the

substrate being polished. A further object of the present
invention is to provide a new and inproved apparatus and CVMP net hod

wher eby pol i shifige OYQLOQMCER A& M OTdH deSd 1185 DWW LY @RE he substrate

bei ng poli shed. And yet another object of the present invention is

to apparatus and CMP method which improve the distribution of
polishing slurry onto the substrate and improve the polish

removal rate uniformity on the substrate.

SUMMARY OF THE INVENTION
It is a general object of the present invention to
provide an improved and new apparatus and CMP (Chemical
Mechanical Polishing) method in which improved polish removal

uniformity is achieved.

Another object of the present invention is to provide a
new and improved apparatus and CMP method whereby polishing
slurry is uniformly distributed onto the substrate being

polished.

A further object of the present invention is to provide
a new and improved apparatus and CMP method whereby polishing
byproducts are uniformly carried away from the substrate

being polished.

And yet another object of the present invention is to
provide a retaining ring in a CMP apparatus which improves

the circulation of polishing slurry to and from the polished



provide a retaining ring in a CVP apparatus which inproves the circul ation
of polishing slurry to and fromthe polished

7 substrate and polishing byproducts away fromthe polished substrate.

I n accordance with the present invention, the above and other objectives
are realized by a carrier head for chem cal nechanical polishing,
conprising: an assenbly connectable to d drive shaft to rotate with said

et ai ni g PRFE AOehatA tar BYe R VY, -0, Lk P iERed 0 7 |

base, sai%d3§ﬁ¥égém]ring havi ng enbedded in its outer surface an array of
i ntersecting channels for the purpose of flowi ng polishing slurry to and
away fromthe edge of the substrate and polished byproducts away fromthe
edge of the substrate. The above and ot her objectives are realized
by using a netlipdedorddhded M ithe iR sentpPinentiionyi dheg sdbdia iz ng
pad affixed to a rotatable polishing platen; providing a rotatable carrier
head t 0 h@dther sdisdctaivesagaien Headdized oy iss kiarg iead hepdoficd rhemiradai ni ng
ring surrounding said rotatable carrier head to hold said substrate

beneat h sawethardtcalalpad ichvimigyr compind sigtgsi minn @ ssiemipliyawionpestiaddde ko n its
outer surface an array of intersecting channels for the purpose of flow ng

pol i shi ng &Idrie th taneptRtemwitd aRjd drive shaft; a base to hold

a substrate against a polishing pad; and a retaining ring
surrounding said base to hold said substrate beneath said
base, said retaining ring having embedded in its outer
surface an array of intersecting channels for the purpose of
flowing pelishing slurry to and away from the edge of the
substrate and polished byproducts away from the edge of the

substrate.

The above and other objectives are realized by using a
method of CMP comprising the steps of: providing a polishing
pad affixed to a rotatable polishing platen; providing a
rotatable carrier head to hold a substrate against said
polishing pad; providing a retaining ring surrounding said
rotatable carrier head to hold said substrate beneath said
rotatable carrier, said retaining ring having embedded in its
outer surface an array of intersecting channels for the
purpose of flowing polishing slurry to and away from the edge
of the substrate and polished byproducts away from the edge
of the substrate; providing a means for holding said

rotatable carrier head and said retaining ring in juxta-



of the substrate and polished byproducts away fromthe edge of the
substrate; providing a neans for holding said rotatable carrier head and
said retaining ring in juxta- 8
position relative to said polishing pad affixed to said rotatable
polishing platen with an applied pressure between the rotatable carrier
head and the rotatable polishing platen;8dispensing a polishing slurry

onto Saidﬁb%&%h@@‘%eﬂ%ﬂﬂ#ﬂ“ﬁﬂJd&@@,p@ﬂa%hdh@gpadfafSixéaan& saidotate said
carrier ad and said retaining ring; and providing a second nmeans to

rotate sairdtR@abiki MplisMiey platen with an appBReHFpDESERKFETbERWEENTHE
DRAW NGS The obj ect and .ot her advantages of this invention are best
descri bed the tdeetgtradfles reed rddan dicmehtesdiithie reftatebde polishdngtt ached
draw ngs that include: Fig. 1A, which in cross-sectiona

repr esent atliadren ;i [digpenging & oM ichingeslneay PotooseidmBedatalleof the
present invention. Fig. 1B, which is a bottomview of the carrier
head ill mlrlﬁbéd‘g Pad g P’-’PNldlng a IﬁdTStZA‘ea\T\ﬁl &R FRtatSs sadd Cagrder

representation | ust r at a .CVWP carrier i 2 e%ondﬂgﬂae q} of
the presd¥f@d t§ re amlnqzlrd‘ngZBa rpc',‘ VJ‘ 898t CERVeWSF S nd

carrier head . .. :g pollshlng platen.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1A, which in cross-sectional representation
illustrates a CMP carrier head for one embodiment of the

present invention.

Fig. 1B, which is a bottom view of the carrier head
illustrated in Fig. 1A.

Fig. 2A, which in cross-sectional representation
illustrates a CMP carrier head for a second embodiment of the

present invention.

Fig. 2B, which is a bottom view of the carrier head

illustrated in Fig. 2A,



il lustrated in Fig. 2A 9

Fig. 3A, which in cross-sectional representation illustrates a CMP carrier
head for a third enbodi nent of the present invention. Fig. 3B
which is a bottomview of the carrier head illustrated in Fig. 3A

Fig. 4, which in cross-sectional representation illustrates a CW

apparatus which uses one embodi ment of theg CWMP carrier head of the present

i nvention Figy Siniey b b'i!o%"s%%t:%@%h@ni‘ﬁgfc@@éﬁ%ﬁﬂiéhl on
illustrates a CNS appar at us whi ch uses a second odi nrent of the CWP

carrier hgad Qe ddt@edLM dardklr Bead for a thigd EmbvlifBnitnof the

cross-sectional .representation illustrates a CVWP apparatus which uses a
third enbediggiit dnvddteida\P carrier head of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The new and i nproved CWVP

apparatus having an inproved substrate retaining ring which inproves the
circulation of polishing slurry to and fromthe polished substrate and
pol i shi ng bypr e+ s'ﬂ%mgufq*bmq raeb@dmoghéreeyu@;t thee cagxder; heaget hod of

use will now be described in detai
illustrated in Fig. 3A.

Fig. 4, which in cross-sectional representation
illustrates a CMP apparatus which uses one embodiment of the

CMP carrier head of the present invention

Fig. 5, which in cross-sectional representation
illustrates a CMP apparatus which uses a second embodiment of

the CMP carrier head of the present invention.

Fig. 6, which in cross-sectional representation
illustrates a CMP apparatus which uses a third embodiment of

the CMP carrier head of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The new and improved CMP apparatus having an improved
substrate retaining ring which improves the circulation of
polishing slurry to and from the polished substrate and
polishing byproducts away from the polished substrate, and

its method of use will now be described in detail.



10 Referring to Fig. 1A, which in cross-sectional representation
Illustrates a CVP carrier head, a base plate 10 is connected to a drive
shaft 11, which is rotatable as indicated by arrow 12. The base plate 10
hol ds semi conductor substrate 13 against a polishing pad (not shown).
Retaining ring 14 holds the sem conductor substrate 13 beneath the base
plate 10. Retaining ring 14, illustrated w th exaggerated w dth, has an

| nner dianeterR%FEgE&h§ E%rﬁﬁpnthﬂ“ &ﬂ@chdiﬁnEESQSD§?&E§°§QPStrate The

out er di aneter retarn ring is approximately 1 inch |arger than

the inner ¢ &eg%%mbhum&%%kaﬂeg iL cRehcwekl ek b, r 8t 8h8ENE16LRY.  The
t hi ckness of the retaining ring 14 is about 7/8 inch. Formed on the

under si de10f jselctinfictded 10 24daiveCihafel $1]5whibhchsf aothtable ke flow
of polishing slurry to and fromthe substrate and polishing byproducts
away fromindd cedge oy tlrerowsabst r ahe tasenglpdei 3R hgldgheenmhapndustth ar e
formed so that they are interlocking, thus providing nmultiple paths for
slurry fl cwbsHrateullS pigadinsE anpolasbingcedg (netusbown) .chBeteining are
further illustrated in Fig. 1B, which is a bottomyview of the carrier head

i || ust rat &§nigh 1% holds thﬁousmcmdmé'-oane@%taé%f 1Pebapﬁaﬁ§ thegbass s an

array of hen1spher|cal-llke prQt rusi.ons 6 Th of the
heni spher F2&AtS 3% pﬁﬁﬁﬁiﬁHBﬁer§gbé€weéﬁ Hﬁ&ﬁ?%fQSWSEg exsg9ergkeghd t he

ot o953, S AN SRRESS, AEABHEES) RaBC LHRRC B, D °

mul tiplicidibriter of the substrate. The outer diameter of the
retaining ring is approximately 1 inch larger than the inner
diameter, thus forming a 1 inch wall in the retaining ring.
The thickness of the retaining ring 14 is about 7/8 inch.
Formed on the underside of retaining ring 14 are channels 15
which facilitate the flow of polishing slurry to and from the
substrate and polishing byproducts away from the edge of the
substrate during polishing. The channels 15 are formed so
that they are interlocking, thus providing multiple paths for
slurry flow. The multiplicity and interlocking nature of
channels 15 are further illustrated in Fig. 1B, which is a
bottom view of the carrier head illustrated in Fig. 1lA.
Formed on the underside of retaining ring 14 is an array of
hemispherical-like protrusions 16. The diameter of the
hemispherical-like protrusions is between about 1/8 and 1/5
inch and the outer edges of the hemispherical-like
protrusions are separated by a distance between about 1/10
and 1/8 inch. It is important that the multiplicity of

hemispherical-like protrusions be uniformly distributed on



hem spherical -1i ke protrusions be uniformy distributed on

11 the underside of the retaining ring. As illustrated in Figs. 1A and 1B,
t he shape of protrusions 16 is hem spherical, however alternate

hem spherical -1i ke shapes may be fornmed. - Typically sem conductor substrate
13 has a dianeter between about 150 and 300 mm However, substrates with
di aneter |arger than 300 nm may, al so, bflpolished. Now referring

(0,185, P eRRys Ry BeoRs TRRLTERL Slog ! o2 RN LKAl LATEL B

onal “r'eprésentati o

iIIUStratEah%E Bca&g%e%ggpgagf ?r @§ngéﬁ%eléoiéSh%@?géﬁ%EgCEQ a drive

shaft 11, 'S rota € as rndica y arrow ase’plate 10

hol ds Se”h%%@@%%g%ﬁt%%h%%%aﬁémlépﬁgﬁﬁﬁﬁi-Qiﬁ@'Eﬁﬁ%&g Ra¢ HBOEormBawN) -

Retai ning ring surrounds the Sem conductor substrate 13 and serves to

hol d the %?gﬁeﬁﬂdyckﬁhd%ﬁhahb%bQ skBsittalbats. hd¥pacaibyeseri betdaenor
substrate has a dianeter between about 150 and 300 nm However,

subst r at eabouit! 150 amet 800 amger Howarve2()Osnbstestesal vbdthbdipokitelred.
Retaining ring 20, illustrated with exaggerated w dth, has an inner

di amet er dlairgletrl thiaar $60 mmamayhe adiseneber polished.seni conduct or substrate.
The outer dianmeter of the retaining ring is approximately 1 inch |arger
than the inner diameter, thus formng a 1 inch wall in the retaining ring.

The thickness of th rretiai ni ng_Fr_i ng é%rl sdaggtft 718 i ngh?h;%rdqed onft[he

under si de of r &Y FEAGTFARG 36 F29%n 8P F= pPofPESPEN ARt $F he

shape of conical fryStUMnelf® is illustrated. In Fig. 2A, which in
cross-sectional representation illustrates a CMP carrier
head, a base plate 10 is connected to a drive shaft 11, which
is rotatable as indicated by arrow 12. The base plate 10
holds semiconductor substrate 13 against a polishing pad (not
shown). Retaining ring 20 surrounds the semiconductor
substrate 13 and serves to hold the semiconductor substrate
13 in placé. Typically semiconductor substrate 13 has a
diameter between about 150 and 300 mm. However, substrates
with diameter larger than 300 mm may, also, be polished.
Retaining ring 20, illustrated with exaggerated width, has an
inner diameter slightly larger than the diameter of the
semiconductor substrate. The outer diameter of the retaining
ring is approximately 1 inch larger than the inner diameter,
thﬁs forming a 1 inch wall in the retaining ring. The
thickness of the retaining ring 20 is about 7/8 inch. Formed
on the underside of retaining ring 20 is an array of

protrusions 22, having the shape of conical frustums. The

frustums are truncated cones having a diameter between about



frustuns are truncated cones having a di aneter between about

12 1/8 and 1/5 inch and a hei ght between about 1/8 and 1/4 inch. The

coni cal frustum protrusions 22 are separated by a distance between about
1/10 and 1/8 inch, and thus forman array of interlocking channels 21 on

t he underside of the retaining ring 20. The interlocking channels 21 on
the underside of the retaining ring allow.flow of polishing slurry to and

i !
f h b d | b d h d A
Subst r at o 1d8r g U Sy andt 5 petBhRoPekHeePraPoPketr e Erfl LTS

i cal f t . t | 22 | ' | t d id
of " the rahg AR GG FUALT FRORFRRBa N e, B e R Cea BY A (Yot um
pr ot r usi ong 22 ae Wi ah HeshimRILed ayel 1R, uadersLge i be

retaining g Inaregular array pattern.” Alternately, the coni cal

frustum prot LUSins d 106k idigs IdhiRited® PN @n ¥ROUnderai deabifeithe
Now referring“to Figs. 3A and 3B, a third enbodi nent of the present

i nvent i on yetdilditsg matref.2d.n e idAerWidickinign chanaged ss@dt ioondhe
representation illustrates a CVWP carrier head, a base plate 10 is

connect ed yrdex silde/ oS hafd rEtainiingh ring edflatvalfllevasfi pdildshdadoy arrow
12. The base plate 10 holds sem conductor substrate 13 against a polishing
pad (not sdowry) .taRatnd fizagn rihey s3bsdmateuads Ped isbdingo FYRIuCctE bst rat e
13 and serves to hold the sem conductor substrate 13 in pl.ace. E%PLcally
seni conducway firem (e edpe,of fhe substrate during polishing. . is

important that the multiplicity of conical frustum
protrusions 22 be uniformly distributed on the underside of
the retaining ring. As illustrated in Fig. 2B, the conical
frustum protrusions 22 are uniformly distributed over the
underside of the retaining ring in a regular array pattern.
Alternately, the conical.frustum protrusions may be

distributed in a random array pattern.

Now referring to Figs. 3A and 3B, a third embodiment of
the present invention is illustrated. 1In Fig. 3A, which in
cross-sectional representation illustrates a CMP carrier
head, a base plate 10 is connected to a drive shaft 11, which
is rotatable as indicated by arrow 12. The base plate 10
holds semiconductor substrate 13 against a polishing pad (not
shown). Retaining ring 30 surrounds the semiconductor
substrate 13 and serves to hold the semiconductor substrate
13 in place. Typically semiconductor substrate 13 has a
diameter between about 150 and 300 mm. However, substrates

with diameter larger than 300 mm may, also, be polished.



di aneter between about 150 and 300 mm However, substrates wth dianeter

| arger than 300 mm may, al so, be polished.

13 Retaining ring 30, illustrated with exaggerated wi dth, has an inner

di ameter slightly larger than the dianeter of the sem conductor substrate.
The outer diameter of the retaining ring is approximately 1 inch |arger
than the inner dianeter, thus forn1ng a l4hnch wall in the retaining ring.
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of poli shi Wy oduct s
away fromthe e(gl%%&g%e?ﬁg@l{%lgmi ate g}ibﬁ]%% ﬁ%l%gletﬁ? ragfhannel s 31 are
formed so sdhiBéohdeyter esilbd €FAEEKT Nehe tdiEe P MUnlited B¢ HY e PANSiAS"
slurry flow. The interlocking channels are fornmed from intersecting
grooves, asirdioie appfoxima3Bely eBvimeh Aarddnythaf HRSATndt hEageres he

I ntersecting grooves. The channels 32 have a wi dth between about 1/10 and
1/'5 inch avus Sepning betheorclaball L8 el ddthimioly rimy.di Shence bet ween
channels 32 is between about 1/10 and 1/8 inch. It is inportant that the
nultlpl|C|t®iQ#n$%§e¢%e%h¢rﬁﬁtﬁknhng;#kpgtﬁﬂfxﬁrﬂhpuﬂ:ﬂﬁﬂkmnqhich¢rmed

under si de of the retainj g ring. As illustrated in Fig. t he

mul tiplici®y Orei MRerEetds Rf @‘*‘aﬁwan Fing mYy ar%rﬁwﬂﬁ;@r% |which

i ntersecti however ni f or roove d| but| ns may be
enpl oyed. E%#ég ﬁéﬁ%t%ﬁﬁ S & cting in

order to pLaydOfstlrSsd rﬂﬁfﬁmfﬁ&%ﬂroﬁ&g{é’ év%f%ofﬂ[ Q:'ﬂe edge of the

substrate during polishing. The channels 31 are formed so
that they are interlocking, thus providing multiple paths for
slurry flow. The interlocking channels are formed from
intersecting grooves, as shown in Fig. 3B, leaving an array
of mesas 32 between the intersecting grooves. The channels
32 have a width between about 1/10 and 1/5 inch and a depth
between about 1/8 and 1/4 inch. The distance between
channels 32 is between about 1/10 and 1/8 inch. It is
important that the multiplicity of intersecting grooves be
uniformly distributed on the underside of the retaining ring.
As illustrated in Fig. 3B, the multiplicity of intersecting
grooves is formed from orthogonally intersecting grooves,
however other uniform groove distributions may be employed.
The important feature is for the grooves to be intersecting
in order to provide unrestricted flow of slurry to and from
the substrate and polishing by byproducts away from the
substrate during polishing.



t he substrate and polishing by byproducts away fromthe substrate during
pol i shi ng. 14 The carrier
heads described in Figs. 1A and 1B, Figs. 2A and 2B, and Figs. 3A and 3B
are used in a CW apparatus to polish sem conductor substrates. For
exanple, Fig. 4, in cross-sectional representation, illustrates the use of
the carrier head shown in Figs. 1A and 1B in a CWP apparatus. Polishing
pad 40 is affixed to a rotatable polishinytplaten 41. A.means is provided
to rotate the Fdlei siairwg epl heedsidesardbpd| iBhFhgs patih48ndaiBshBagshy 2ar r ow
42. The rotatable carrier head 10 _hol ds sem conductor substrate 13 agai nst
pol i shi ng apgd 280. aRrd &igisni 38 endg3B4 arel usedeincaniBt aprasabysr &oe 13 in
pl ace. The retaining ring 14 has_a wdth between about 7/8 and 1 inch.

For med onRa3é St R t°Fé§§Pﬁtﬁ§?ﬁsng f@rl§x§ﬂpéﬁra§18ﬁ 4, in
hen1spher|cal-llke pro rusi ons 16. The di, % Qﬁ hem s %e caI-Ilke
pr ot r usi 0fFGSE AN, FEPY AN ARF1PPs Fﬁgﬁsiﬁﬁ ?ﬁe Gt 8pe t he
hem spher i, rle:k%ﬁ%td()tsﬁl%%og% %ﬁ Sefii{ %%nﬁgﬁym 3 P, a%@FQ%tt‘ﬁ%e“ abo”t

1/ 10 and IS T nportan
hemi spher igedl;-JHike pi=ef g '1%n%flf§.xeﬁn (}fo%n&xstgltamébﬂmsnmnghslg%%r si de
of the retalning ring. lustrated in Fi , the shape protrusions

16 is henfisphey inedns h@‘@!%l@'eﬁe't'&atx%taQ@ th&pbennsahnbl k2ateapqy my be
formed. A polishing slurry conprising silica or alumna and polishing

chem cal s zaiad pdldrshlifgatpaal @il ,baswetdwabbyt arpbw=42.5 Thd pdhtathbl®e i S

di spensed fromreservoir 47 through
carrier head 10 holds semiconductor substrate 13 against
polishing pad 40. A retaining ring 14 holds semiconductor
substrate 13 in place. The retaining ring 14 has a width
between about 7/8 and 1 inch. Formed on the underside of
retaining ring'14 is an array of hemispherical-like
protrusions 16. The diameter of the hemispherical-like
protrusions is between about 1/8 and 1/5 inch and the outer
edges of the hemispherical-like protrusions are separated by
a distance between about 1/10 and 1/8 inch. It is important
that the multiplicity of hemispherical-like protrusions be
uniformly distributed on the underside of the retaining ring.
As illustrated in Fig. 4, the shape of protrusions 16 is
hemispherical, however alternate hemi- spherical-like shapes
may be formed. A polishing slurry comprising silica or
alumina and polishing chemicals and H,0 at a pH between about
pH = 3.5 and pH = 11.5 is dispensed from reservoir 47 through
conduit 48 onto polishing pad 40. Polishing platen 41 and
polishing pad 40 are rotated at a speed between about 15 and

100 rpm. Carrier head 10 is rotated, as indicated by arrow



conduit 48 onto polishing pad 40. Polishing platen 41 and polishing pad 40
are rotated at a speed between about 15 and 100 rpm Carrier head 10 is
rotated, as indicated by arrow 15
49, at a speed between about 15 and 100 rpm The applied pressure, as

I ndi cated by arrow 50, between the rotatable carrier head 10 and the
rotatable polishing platen 41 is betweensabout 0.5 and 50 psi

Fig. 5, i - ti | tati . t 1 h of. th

Ealri o nasy B Seed Te SN 18 anis nBBL 1BCS The®apRlaf, " g 40
i ffi dt t at ahl e,. | i shi | at 41. A i i dt
otate t R SRATA Y Ak eae B SR Bl TssheRE- e’ BRBRRARIE  ow

42. The rOéaaxtJ% d 1 hRpdnd J@:O%dc%\%%%qa@&a% rplatt%ts lrfgtqsw agai nst

pol i shing pa . Aretaining ring 2 sem conduct or strate 13 in

place. Thed§icididlbu¥ 0% Hhda&d a4 dth bet ween about 1/2 and 1 inch.
Formed on the underside of retaining ring 20 is an array of protrusions

22, having the shape of conical frustunms. The frustunms are truncated cones
havi ng a di aneter between about 1/8 and 1/5 inch and a hei ght between
about 1/8 and iy i rieh.inlferossorsexdli dials ingpressintadiions 32 larstredpss at ed
by a distance between about 1/10 and 1/8 inch, and thus forman array of

i nt er| ockie oeenrefl sthe earnier heisd shewrofin Fdigset ZPniamgl 28 i 20.CMB i s

i nportant that the multiplicity of_ conical _frustum protrusigns 22 be
uniforn1y'%HRE?QQHﬂEKiQﬁ}%qRQng pad 40 is affixed to a rotatable

polishing platen 41. A means is provided to rotate the
polishing platen 41 and polishing pad 40, as shown by érrow
42. The rotatable carrier head 10 holds semiconductor
substrate 13 against polishing pad 40. A retaining ring 20
holds semiconductor substrate 13 in place. The retaining
ring 20 has a width between about 1/2 and 1 inch. Formed on
the underside of retaining ring 20 is an array of protrusions
22, having the shape of conical frustums. The frustums are
truncated cones having a diameter between about 1/8 and 1/5
inch and a height between about 1/8 and 1/4 inch. The
conical frustum protrusions 22 are separated by a distance
between about 1/10 and 1/8 inch, and thus form an array of
interlocking channels 21 on the underside of the retaining
ring 20. It is important that the multiplicity of conical
frustum protrusions 22 be uniformly distributed on the
underside of the retaining ring. A polishing slurry
comprising silica or alumina and polishing chemicals and H,0
at a pH between about pH = 3.5 and pH = 11.5 is dispensed

from reservoir 47 through conduit 48 onto polishing pad 40.



underside of the retaining ring. A polishing slurry conprising silica or

al um na and polishing chem cals and H20 at a pH between about pH = 3.5 and
pH = 11.5 is dispensed fromreservoir 47 through conduit 48 onto poli shing
pad 40. 16 Polishing platen 41 and
polishing pad 40 are rotated at a speed between about 15 and 100 rpm
Carrier head 10 is rotated, as indicatedéby arrow 49, at a speed between

about 15 md sHiGhg plhateie 410 RINE AlieHSgE pads 4i0ngiredtredtatydamiow SO0,
between the rotatable carrier head 10 and the rotatable polishing platen
41 i s bet wpmedibmitwéerd abuht5A5Hsnd 100 rpm.Fi Carfiern headsd0sda | onal
representation, illustrates the use of the carrier head shown in Figs. 3A
and 3B i n motEed amsirindissatied ighianygwad %40 ats aafsieedd bedweernotadiailt e
polishing platen 41. A neans is provided to rotate the polishing platen 41
and pol i sHith@nshd 09, TRR- sHE appldradhprefsurene asiaddisadeshy arnead 10
hol ds sem conductor substrate 13 a

i nst i shi d 40. A t ai_ni
ring 30 [OOSR R TR Jorried handiad’ b thet ZOHAHEBIR ng 30
h i dt_h .h t7/.8 . i nch. .F d id f
rgfa?n\iMng prcl‘lrfgs me%rlgpa%eannnéll &asg%%we?ﬁ%’ afbé%\rq”ﬁdiog‘n[%%%f llé(nﬁle'z)?l pgl ioshi ng

slurry to and fromthe substrate during polishing. The channels 31 are
formed so that they are interlocking, thus providing nultiple paths for

slurry flow Thaghagpels GodiawctiWr#ih Lgireremiaadn, 1110 ustivhtds i nch
and a depth between about 1/8 and 1/4 inch. The

the use of the carrier head shown in Figs. 3A and 3B in a CMP
apparatus. Polishing pad 40 is affixed to a rotatable
polishing platen 41. A means is provided to rotate the
polishing platen 41 and polishing pad 40, as shown by arrow
42. The rotatable carrier head 10 holds semiconductor
substrate 13 against polishing pad 40. A retaining ring 30
holds semiconductor substrate 13 in place. The retaining
ring 30 has a width between about 7/8 and 1 inch. Formed on
the underside of retaining ring 30 are channels 31 which
facilitate the flow of polishing slurry to and from the
substrate during polishing. The channels 31 are formed so
that they are interlocking, thus providing multiple paths for
slurry flow. The channels 31 have a width between about 1/10
and 1/5 inch and a depth between about 1/8 and 1/4 inch. The
distance between channels 32 is between about 1/10 and 1/8
inch. It is important that the multiplicity of intersecting
grooves be uniformly distributed on the underside of the
retaining ring. A polishing slurry comprising silica or

alumina and polishing chemicals and H,0 at a pH between about



di stance between channels 32 is between about 1/10 and 1/8 inch. It is
inportant that the nultiplicity of intersecting grooves be uniformy
distributed on the underside of the retaining ring. A polishing slurry
conprising silica or alumina and polishing chenmicals and H20 at a pH

bet ween about 17 pH = 3.5 and pH =
11.5 is dispensed fromreservoir 47 through conduit 48 onto polishing pad

40. Pol d | hi 0 d
oot noon SBELE B Shd' brtll11Re (3NRARAGLA cR0R FOLELGH: B 4T, BRGRRaD, |
arrow 49 .3kuna SR SRLY %qasaﬁaat ﬁaé and 1Q’Q152H1n-?rhﬁl§98h' a% aREsSsur e,

as indicated by arrow 50, "befween the rotatable carfier head and the

rot at abl e pAliisHiingy A UeN 24E rStalkedatn a2kpakdObatRBEn58pBalt: 15 and
VWil e the invention has been particularly shown and described with

ref erence 1100 tipm.pr efaanmied ®ebddiltedlss rotheedof asi indithtbd BRdardiceod by
those skilled in the art that various changes in formand details may be
made wit hd®, adeparsmeegi foegweene abpurti 0 5arads36ferph. t hEhenepplied

CLAI M5 1. A carrier head for chem cal nechani cal
pol i shi ng PreGHRTes| ﬁ@ 1Ndlcated byaprxove 56,y besHeent theerotagathlieve shaft

to rotate
carrier head 10 and the rotatable polishing platen 41 is

between about 0.5 and 50 psi.

While the invention has been barticularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that wvarious changes in form and details may be made without

departing from the spirit and scope of the invention.



with said drive shaft; 5 a base to hold a substrate against a
pol i shing pad; and a retaining E@E affi xed to said base

to hold said substrate beneath sai d base, IMMW i ng havi ng
enbedded in its outer surface an array of inters ” ”fnels for
he edge of

t he purpose of flow ng polishing slurry to and avva Yy ffo
the substrate and pohhﬁggd byproductg away fromthe edge of the
substrate. The carrier of claim1l, wherein said array
15 of intersectinglohadnaarrieseead fort rhepical Berhapical of said
retaining ring is f?{ned by an array of hem spherical -1i ke
protrusions. Ppolis 1n9' OMPYe S28%¢i er head of claim 2, wherein said array

20 of hen1spher|cal-l rusi ons .h h n1sp erica
protrusi ons having & ar?ést ee?'? e REETS Pg3a 51YF55haf% e Fotmte he

outer edges of f hﬂ‘bout ég}qr\;f/% Ifléae protrusions are separated by a

di st ance bet ween and 1/8 inch. 25

19 S0 1 Ko FULI DG LE GuiblEraee UGEHBLR BelikRing ped O

hem spherical -1ike protrusions is uniform stri
under si de of saipd retaining ring.

a retaining ring affixed to said base to hold said
substrate beneath said base, said retaining ring having
embedded in its outer surface an array of intersecting

10 channels for the purpose of flowing polishing slurry to
and away from the edge of the substrate and polished

byproducts away from the edge of the substrate.

2. The carrier head of claim 1, wherein said array
15 of intersecting channels embedded in the outer surface
of said retaining ring is formed by an array of

hemispherical-like protrusions.

3. The carrier head of claim 2, wherein said array
20 of hemispherical-like protrusions has hemispherical-like
protrusions having diameters between about 1/8 and 1/5
inch and the outer edges of the hemispherical-like
protrusions are separated by a distance between about
1/10 and 1/8 inch.
25



5.. The carrier head of claim1, wherein said array of intersecting
channel s enbedded in the outer surface of said retaining ring is
formed by an array of protrusions, having the shape of conical

frustuns. 10 6. The carrier head of clai ' [gparr ay
of intersecting channel s- enbedded in the outer surﬂaﬂummmﬂlm‘mgmu
retaining ring is forned by an array of protrugi ofs,t havi rig the shape

of conical frustunms having di anet ers betygen about 1/8 and 1/5 inch
and heights 15 betyeen,pbout 1/8 and 1/4.inch. . 7. . The _
carrier head of clalﬁf5 W%e?%??ﬁ%ﬁéﬁe 4- & ¢faln 2 %ﬂ%ﬁ?ﬁ&i%ﬁkﬁ FHEXANg
t he shape of co fCﬂ S on the

8 lamiégﬁéi‘{@%jo Slike gpr&mﬁm 4 Sld Aulhef, on

underside of salid retal rrier head of

claim1, wher elalsarﬂbaféayon the%na@fﬂé&%f g Ll ael S, ﬂg’eﬂfiﬁg in the
ar ay o

outer surface of said retaining ring |s formed by an

i ntersecting grooves.
9. The carrier head of claim8, wherein said i ntersecting channels

have wi dt hs5 bet ween &bouThd/ddrater head df Sclaioh Bndieesieni hedid eeragbout
1/8 and 1/4 inch_and di stances between channel s between about 1/10
and 1/8 5 i nef. intersecting channels embedded in the outer surface

of said retaining ring is formed by an array of

protrusions, having the shape of conical frustums.

10 €. The carrier head of claim 5, wherein said array
of intersecting channels embedded in the outer surface
of said retaining ring is formed by an array of
protrusions, having the shape of conical frustums having
diameters between about 1/8 and 1/5 inch and heights

15 between about 1/8 and 1/4 inch.

7. The carrier head of claim 5, wherein said array
of protrusions, having the shape of conical frustums is
uniformly distributed on the underside of said retaining

20 ring.

8. The carrier head of claim 1, wherein said array
of intersecting channels embedded in the outer surface
of said retaining ring is formed by an array of

25 intersecting grooves.



10. The carrier

head of claim8, wherein said array of intersecting

channel s enbedded in the outer surface of said retaining ring, forned
by an array of 10 intersecting grooves is uniforn1y4ﬂ" ”J
under si de of said retaining ring. 11. A ﬂ Iﬂ:lmﬂlll “EI ng

the steps of:

provi ding a polishing pad affixed t& a"rotat’abl e

15 polishing platen; providing a rotatable carrier head to hold
substrat e agai nst said pol i shi ng pad; providing a

a

retaining ring surrog.ndi R d al ’?a’telf)lheraoé aé@bélealq@r %}ef}%aﬁ, tQ s

substrate beneath 2

embedded in its; ﬂ%’éféeéi:’:[lffcnﬁl: M/a@é wm@{éqﬁw&n abo AN ey

t he purpose of ? urry to d away fromthe edge of

e carrier,

OW Ng po

hpl d said

aining ring having

Sah @'

the substrate apfspohérhesd a de;bwprwéitwéén aéas’amﬁ rm 1 edop iG{ck hend

substrate; 25 provi ding a neans for holding said rotatable

carrier
21

pol i shing pf ateimehth an applied pressure between the

carrier

head andistaficéetipe birdgn reignndal $ L psesn takssut 1/10 and 1/8

relative to said polishing pad affixed to said rotatable

head and the rotatable polishing pl at en; 5

di spensing a polishing slurry onto said rotatable

r ot at abl e

10. The carrier head of claim 8, wherein said array

of intersecting channels embedded in the outer surface

of said retaining ring, formed by an array of

10 intersecting grooves is uniformly distributed on the

underside of said retaining ring.

11. A CMP method comprising the steps of:

providing a polishing pad affixed to a rotatable

15 polishing platen;
providing a rotatable carrier head to hold a
substrate against said polishing pad;

providing a retaining ring surrounding said

rotatable carrier head to hold said substrate beneath

20 said rotatable carrier, said retaining ring having

embedded in its outer surface an array of intersecting

channels for the purpose of flowing polishing slurry to

and away from the edge of the substrate and polished

byproducts away from the edge of the substrate;

25 providing a means for holding said rotatable

carrier head and said retaining ring in juxtaposition



pol i shi ng pad,; providihg a first neans to rotate said carrier

head and said retaining ring; and provi di ans
to rotate said polishing 10 platen. 12\}‘“@%&!‘“&“& \mai m

11, wherein said array of i ntersecting channel s N the*out er
surface of said retaining ring is fornmed by an array of 15

hem spheri cal -1i ke protrusions. 13. The nmethod of claim 12,
wherein said array of henispherical-lik%lprotrusions has

heni spheri cal - ljdi&tive ¥ WP igus g JFHiKe el WRa akmtdt e and
1/5 20 inch and the outer edges of the hem spherical-1like

protrusions ar eskisiigplyten diisitarge dppMeeh prlkdisure betiidéh atlte 1/ 8

i nch. 14. The method of claim 12, wherein said array of 25

hem spheri cal - | fddiea alule umBONeArleadidrod nthe drcltatisiniteegpolishiong t he
underside of said retaining ring.

22 1®1iateniret hod of claim 11, wherein said array of

i ntersecting channel s, enbedded i n-the outer surface of . sai d rgéaining

ring is forred by arfiFReRSINg a Polighing SIHHEY IREhFaId 0
conical frustunms. . 5
polishing pad;

providing a first means to rotate said carrier head
and said retaining ring; and

providing a second means to rotate said polishing

10 platen.

12. The method of claim 11, wherein said array of
intersecting channels embedded in the outer surface of
said retaining ring is formed by an array of

15 hemispherical-like protrusions.

13. The method of claim 12, wherein said array of
hemispherical-like protrusions has hemispherical-like
protrusions having diameters between about 1/8 and 1/5

20 inch and the outer edges of the hemispherical-like
protrusions are separated by a distance between about

1/10 and 1/8 inch.

14. The method of claim 12, wherein said array of
25 hemispherical-like protrusions are uniformly distributed

on the underside of said retaining ring.



16. The met hod of claim 15, wherein said array of intersecting —
channel s enbedded in the outer surface of sai d retalnlng ring |s

fornmed by an array of protrusions, having the sh “ﬁé
frustuns having 10 dianeters between about 1/8 and \ﬁ\“ﬁ u ts
bet ween about 1/8 and 1/4 inch. 17. The A ai*m 15,

wherein said array of protrusions, having the shape of conlcal
frustuns is 15 wuniformy distributed on t4%e undersi de of said r et ai ni ng
ring. 15. Tihemaidthddobfcabminlll , WwhReeeinsaafldagkasyObf

I ntersecting channels enbedded in the outer surface of 20 said retaining
ring is fornedimtesrsemtiiamg whannels ienbeddedt ingtheoouter surface of 19.
The net hod of claim 18, wherein said i ntersecting channel s have wi dt hs
bet ween about Bei@ Fetaizeg nglrEnondis énamsddbwtnnbernewnogbout 1/8 and 1/ 4
I nch and di st ances

bet ween channePEFHIFORSabQRViDG1 Fhenghapg of °°nP~FrEI1: frustums. 20.
The carrier, head of claim 18, wherein said 5 array of intersecting
channel s eftbedded in the outer surface of said retaining ring, forned

by an array of 16. The method of claim 15, wherein said array of

intersecting channels embedded in the outer surface of
said retaining ring is formed by an array of
protrusions, having the shape of conical frustums having

10 diameters between about 1/8 and 1/5 inch and heights
between about 1/8 and 1/4 inch.

17. The method of claim 15, wherein said array of
protrusions, having the shape of conical frustums is
15 uniformly distributed on the underside of said retaining

ring.

18. The method of claim 11, wherein said array of
intersecting channels embedded in the outer surface of
20 said retaining ring is formed by an array of

intersecting grooves.

19. The method of claim 18, wherein said
intersecting channels have widths between about 1/10 and

25 1/5 inch and a depth between about 1/8 and 1/4 inch and



intersecting grooves is uniformy distributed on the under si de of
said retaining ring. 10 21. The nmethod of claim1ll, wherein said

pol i shi ng slurry conprises silica or alun1na an
chemicals and Herr]O at a pH between about pH = ﬂﬁm "‘ "I m”:H“ll S.

15 22. The nmethod of claim 11, wherein sald rota M

platen is rotated at a speed between abo 15 and 100 rpm

23. The nmethod of claim1l, wherein said Totatable 20 <carrier head is
rotated at a spHetaimiesdetakent chanaklds betweddOabpit 1/10 and 1/8 24. The
met hod of claim 11, wherein said applied pressure between the

rot at abl e carriisixchhead and the 25 rotatable polishing platen is between
about 0.5 and 50 psi .

20. The carrier head of claim 18, wherein said
5 array of intersecting channels embedded in the outer
surface of said retaining ring, formed by an array of
intersecting grooves is uniformly distributed on the

underside of said retaining ring.

10 21. The method of claim 11, wherein said polishing
slurry comprises silica or alumina and peolishing
chemicals and H,0 at a pH between about pH = 3.5 and
pH = 11.5.

15 22. The method of claim 11, wherein said rotatable
polishing platen is rotated at a speed between about 15
and 100 rpm.

23. The method of claim 11, wherein said rotatable

20 carrier head is rotated at a speed between about 15 and

100 rpm.

24. The method of claim 11, wherein said applied
pressure between the rotatable carrier head and the
25 rotatable polishing platen is between about 0.5 and 50

psi.



