; e3euppqgsj sH>u6t uTug6AN | MPROVED RETAI NI NG RI NG STRUCTURE FOR EDGE CONTROL
DURI NG CHEM CAL- MECHANI CAL POLI SHI NG BACKGROUND OF THE I NVENTION (1) Field
of the Invention The invention relates to processes for the manufacture 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 wir guilnterconnections whi ch congri se the electrical

In
ci r cui t r PR IMPROVERRETAINING RING STRUGTUREFTRBEPGRCONTRAL BPRINGed by
the alternate deposition hRy | o] ' and insul ating
material s over the sem C(g‘frifi ﬂ!%&-d@#’@%&ﬁ%ﬁﬂ@ﬁ ve | ayer is
patterned by photolithographic techniques to formthe wring design for
that level. This patterning process produces a surface wth topol ogi cal

features, which, if no stgpCKEROURIEOF TREIRVERIOfate itself in each
I

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

(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) techniques such as vacuum evaporati on or
sputtering. These nethods do not provide conformal coverage and the
presence of topol ogical features on the surface onto which they are
deposited result in nonuniformties in thickness and other problens rel ated
to the shadowi ng effects of nonplanar surfaces. Frequently two to four

| evel s of interconnection netallurgy are required to formthe required
circuits. In order to provide a planar surface for each | evel of netal,
vari ous net hods have been used to planarize the insulator surface. G asses
whi ch flow when heated are commpnly used to accommodate the first |ayer of
et al | i Z2¥ Poypicalspegdenpsitien dPYDijiechniaues sucvas vagaimeyapsratios afo | onger
perm ssible, enploy |ayers of materials which are deposited as |iquids and
t hen curspittesingol hess meathody donot Pomlidé egeicsmal coysErage angdlihs pesseae afr gani c
pol yners provide an inproved |ocal surface planarity. Subsequent

react i velopologidat Réatgldsl &) tHecsmyase b Wbl tiRsSarR e dshealrat@sir feh-new
surface to the insulating |layer. Al though these nmethods can provide to

| ocal pl @ifyrinftRls iﬁ"ihickﬁ@%s 8h§ otHEY R6blehid reflé%PdttQ?hé Qﬁg@oﬁoﬁ@eéfﬁecﬁgfjn&{-esem

day technol ogy because they cannot provide planarization ovVer a large area.
This is %ﬁ%uéﬁfé& integrated circuit chips thensel ves contain discrete
regi ons ‘o iTTerent 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 used to provide the wafer with a
pl anar surface in the first place - chem cal nechanical - poli shi ng(CW). At
first thoughtFreanentlsiwo tefonirieNgs of intierconneciivn metalissgy arg eiquireditorensi ons
of the order of hundredths of a micron. However, because of it's uniquely

gl obal poandhé requirstheiraliisl It grder e ptdviié agmarstirdaee foeeacidldviepent |y and
pai nstakingly refined and perfected for in-process planarization over the

past decpégl, vEMRUERhEtHoas taveBedriiga o ﬂﬁhah@étr@ﬁﬁguﬂwﬁﬁa%e BPadsBs

devel opnent of highly sophisticated polishing machines. As a result, the
O SCNEH Rl RO E A a5y D A M o B oo
metallization. Subsequent levels where elevated temperatures are no longer
permissible, employ layers of materials 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




Moder n, high precision CVP machi nes are described, for exanple, by Henpel,
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., US. Patent No. 6,183,350 Bl. An exanple of a sinple CW
pol i shing machi ne as described by Lai, et. al., US. Patent No. 6,224,472
Bl is shown in Fig. la 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
waf er 12 through numerous ports 14. The head 10 rotates and presses the

waf er 12 agai nst . ol i shing.pad 16 noupted on an upright rotating pedestal
or plat éﬁe%&’ PAO\B@?&’%%W?S%\%\B’?P;P’QW%I Ip &he Fest placesueherpicabur i ng
operation. The underside of the head 10 is fitted with a retaining ring 22
whi ch suredianicaielishiiageMP). A st thought, GMPus arsaessingiyt grpie anethed &mi ng
ring 22. The retaining ring 22 not only keeps the wafer 12 confined to the
under si dizatifg wiih direshsidhsboftthelsder ofcdhundiesdtin | df iapherehaostesel bddansegh
which a polishing slurry 24 is introduced to the wafer/pad interface.

of it's uniquely global planarizational ability, the CMP technique has been diligently

and painstakingly refined and perfected for in-process planarization over the past

decade. The main thrust of this effort has been dedicated to the development of

highly sophisticated polishing machines. As a result, the CMP technigue 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




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 much with different process paraneters or materials being
polished. Typically, the polishing rate at |less than 5mm fromthe wafer
edge is always lower than that at the wafer center. This puts a limtation
on the thickness uniformty especially at the wafer edge that can be

achi eved by CWP and hence nmakes the wafer edge region unsuitable for use in
integrated circuits, and decreases the yield. It would be desirable to be
abl e,- by polishing paraneter adjustnents, to regulate the polishing rate in
t he edgBluptsatesn bpiaah ectpiiting ring 22s Theaetaining ring @2 natronly kbephtheavafesyer
the entire wafer and thereby extend the overall usable area of the wafer.

It woul d2zenfined hethelesdeailecof the bradbl Cbutbyls  Mdlsdes GuRp S BB Riels 24
adjustnents, to adjust the polishing rate in the edge region of the wafer

so as t h S qmgg, i L g f Vi d2 r or a
signifiggﬁ?¢@§Fg§£§ppg§@h?han t%ﬁ?g@yggh?ﬁ%ﬁ%g?%®%§$ |8Hn§¥ggﬁé wafer. Wth
this capability, either surface planarity and/or surface |ayer thickness
uniformty can be extended further out into the edge region. Zuniga, et.

al ., 6,132;2%5 an? 6, 361, 420, describe a polishing head structure 4

provi des adj 188 Rofishipgdate abwaler edge io neuallvdjffersnt frompiation thegeeledf ¢ o
cause even polishingh A first pressure is applied to a center portion of

t he waf e watesudhagdditienbthmpolishingrrate poofile pt theswateriesigepiiesetbtivana
perineter portion of the wafer through an edge load ring which is nore

rigid thachtvith diffebertrrocess garangstersesr. materialdb&inghasliehed NTypRath3@hd28 Bl,
there are shown a wafer substrate retaining ring which provides a plurality

of di sCpelishimPrtb it MssCPBhTHMD HoReai \RlQi%rreidQE ié‘%ﬂfvé)}%qlt)%? fHan !H%Y\%Vﬁge

t hese various designs do not address the delivery of” slurry under t

waf er . . : (ol | N ! i imarily
wth r ohard epudt PENE pRd AN B SR el MiokFEy P b SRR 2 e
retaining.ring t he under si de, ,of fer. Chiu, et. ., ,U.S. Patent
o, 5, oWt e Bk oan PEasRYRg By ﬁéf{%\ﬁ@ﬁeﬂ%mﬁ@s fE'eM%aIJPéPfjt?? "89iC8 r ai ght
channel s far the deILveré@of a slurry and an added circul ar groove which

pr ovi dedn@itabip faryse indnlegriad sirevity asid deoreases thervielgnt channel's. 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.

G ashauser, WwoulPbbeldsirible B BdAbROBy Bblishing paFavets adiistmamteed sl urry
delivery systemthrough the retaining ring wth a central circular channel

in the Ragmigihé Beliérﬂhgiraieﬁa tﬁ{a 'éang?'tégiﬁnio? tﬁég\lg‘rféﬁ]br 85 %:?l%hﬂe%%l]ﬂfl{&;m; f

inlets and which distrfbutes slur t he wa ough a plu

i nner c¢ I Pat ent 0,447,380 Bl |ike

a ‘ashaBaPiafe g e Slte Haser Phinerahe B Biind YRBIENTRPE A P ove 5
slurry delivery t h fer. Wiile nost of the retaining ring design
effort W terdi It ol b fudfier desiabie {pbg abls, tbyml'ﬁa@gtf@éﬁrr@t%reﬁ%v%ﬁrﬂg, edge
control. The Mrra-Msa polisher manufactured by Applied Materials

Cor por alo agiugiithpaalishingg ateom theedgeaeginmofitbetwafenpplasdatoliah the waferr st
pressure to the backside of the wafer during polishing through a flexible
menbr aneddelegignat adigreficanttlyrkiglecmores significantiMiwerAatethancthat essithe,
designated as retaining ring pressure (RRP), is applied to a retaining ring

whi ch spafrPpddisnatdhés Qrife N ewithRis\epibilitd éifHerr@uﬁéeé?Wr%rw ghgfored to as
i nner tube pressure (I TP), permts the application of an additional

control AR eSehR [ ' af the
waf er b%/&%e%nlg%f ar@le%% | at aﬁ'ﬁ@t’ 18 ﬁ@é’% %@%ﬁ&dﬂf@ﬁfg?%ﬁﬁﬂéﬁ%@%ﬁggg ﬁ%‘B\F}\af er.
Wth this capability, the present inventors have found that, using the
conventional retaining ring shown if Fig. 1 b, for several values of inner
t ube pressures (I TP) at a fixed retaining ring pressure (RRP) the polishing
rate al ways £Woi9de8t. Al il 8B288ame %aééﬂgﬁ@sﬂegcrrhﬂ a g@ijshipa heagrstaicture200

mm wafer. In response, the present inventors have devel oped a new
retaining ring design which permts edge polishing rates which can be made
significantly greater or significantlxgless than the nmean overall wafer
pol i shing rate depending on the choice of ITP and RRP. None of the prior
art provides the capability of such wafer edge polishing rate adjustnment by
a sinple in-situ pressure change. In view of the 6 -




above the inproved retaining ring structure cited by the present invention
hel ps to mnimze deformati on of the polishing pad and thereby is capable
of providing good thickness uniformty and/or surface planarity over a
greater portion of the wafer than was previously possible. 7 SUMVARY OF
THE INVENTION It is an object of this invention to provide a design of a
CVWP wafer retaining ring which provides a uniformslurry delivery to a
waf er contained therein. It is another object of this invention to provide
a design of a CWP wafer retaining ring which provides secure waf er
contai nnment, wi t h_m waf er edge contact. I S yet another object of
gelernrs

this i nWIRVidEA adipst %Sl&ediémr@rptalﬁhmgdmhwaéer incardentaeausegyvarhi ch
.provi des m nimal polishing pad distortion at or near the edge of a wafer
cont ai nepblishingei Aifirghpresdureniseanplipd des sucentespertiph iof the waeri tHrougghaa ni ng
ring.
membrane and a second pressure is applied to a perimeter portion of the wafer
through an edge load ring which is more rigid than the membrane. in Zuniga, et.
al., U.S. Patent No. 6,436,228 B1, there are shown a wafer substrate retaining ring
which provides a plurality of discrete points of contact between the ring and the
wafer. However, these various desighs 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 blurality 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, 6,062,983 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:tem 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




It is yet another object of this invention to describe a design of a CWP
wafer retaining ring -which provides the capability of instantaneously
mani pul ating 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 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 . wherein each alternate channel is recessed away fromthe

i nner ciﬁ%ﬁ'@f@@i"&%@ VH®™hott om pad contacting, surtace, of said
retaining ring by a recess which extends upward fromthe 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 iWhide st ofi theratainingfing desigatefioni s direged at siumgndeivetyy form a
symetrical segnented tab with a rounded edge, tangent to the inner

ci rcunt gitRNE&s Bbeh BRehBbWafdBdgé Rentr8N ATRERifrAMEdLobINARYE ntdriutadthRience at
the exit end of an adjacent non-recessed slurry channel. Each segnented tab

cont act %%A@}%@ﬁgg%g%l{%%?@ﬁ&ﬁ g?apgicshﬁ{l‘,‘iégﬁf}éﬂiri% r?pﬂg# épﬁl&%ﬁ%%‘f% of

the sl ur out cont act

di st anc f a conmparable un-recessed.retaining.trin It is_another object
of thi s TTSRRIRESER 1o N5 baskeEe £ T3 Mt o NG sTisingdhronan A MERR
uniformty and/or surface planarity of a surface |ayer on a wafer, wherein
t he sur fa@@brafiretdesignated gy resmprRNS PiessHEd PRME)me$eqard Pressurgni f or m

t hi ckness or planarity between its edge region and its interior region.

Thi s objdesignateches oefainisg einglpressurset(RIRMo i appligddo sotetainingsing whithng a
desired surface layer to a thickness which is greater than or equal to the
desi r ed guirdahds Ringkdtedidiek thé didiec da ehiph Prds_liRg, ireferfetidioatsinnéhfubeaf er is

t hen mounted on the head of a CWP apparatus which is fitted with a wafer
retaini ngegd i (104 periite BiEa5Mtaon 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 preéent
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 greafer
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




face as cited supra and will be described in greater detail in the first
enbodi nent of this invention. The CVP apparatus nust al so has the
capability of selectively and i ndependently applying downward pressure
(I'TP) onto back of a wafer edge, (MP) onto the wafer bulk, and (RRP) onto
the retaining ring. Prior to said nounting, the CMP apparatus nust first
have been calibrated to determ ne the polishing rates of a correspondi ng
surface layer on a calibration wafer as a function of the ITP and RRP. It
will be found that under one set of paraneters the edge polish rate will be
significaaél greater than that over the interior region of the wafer. For
anot her geevesthejmpipwed refainieg dogstrysiure isited by the presant divemtiondelps 1o | ess
than that over the interior region of the wafer. The surface | ayer of the
waf er i sminigizepdeiosmation wd iting palishing phd endaivetabysis wabablendd gpropidirigsgodce
thicker region at a faster rate than the thinner region. A point will then

be reachthicknees uniforraity andigistrfags plamaity BUEF 4 gredteppoRionlofithe wisl MaA
| ayer are essentially of the sane thickness or the upper surface of the

layer iswagpeaVibadil yoRsdmar- |f upper layer overall thickness uniformty is
sought, the upper surface is not necessarily planar. However, if the wafer
surface was planar overall before deposition of the surface |ayer, both

| ayer thickness and surface planarity will 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
| ayer is then uniformy polished dowmn to the final desired thickness. 10
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 a is a cross section show ng a
prior art exanple of the conponents of a chem cal nechani cal polishing
station. Fig. 1 b is an isonetric view of a prior art exanple of a wafer
retaining ring for a chem cal nmechanical polishing station fitted with
slurry delivery channels. Figs. 2a thru 2b are cross sectional views of an
i n-process wafer undergoing CVP which illustrate the structure and
mechani sm of the enbodi nents of the present invention conpared to a
corresponding prior art configuration. Fig. 3a is an isonmetric view of a
novel wafer retaining ring for a chem ca




mechani cal polishing station fitted wwth slurry delivery channel s and
havi ng alternating recesses and tabs according to the teaching of the
present invention. Fig. 3b is an isonetric view of a portion of the novel
wafer retaining ring illustrated in Fig. 3a, show ng one segnented tab
enconpassing a long slurry delivery channel with an adjacent recess with an
adj acent short slurry delivery channel according to the teaching of the
present invention . Figs. 4a, 4c, 4e) 4g, 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 1nner_ tube gressure and a standard

retaining ring with 12 sl urﬁWM‘ﬁ@ETﬁE INVEN IQNng ring pressure of 3.5
psi. 11 Figs. 4b, 4d, 4f, 4h, and 4] are graphs showi ng polishing rate as

a function of distance fromthe center of a 200 nm wafer after CVP using a .
several val ues of
It is an object of this invention to provide a design of a CMP wafer retaining

ring which provides a uniform slurry delivery to a wafer contained therein.

It is another object of this invention to provide a design 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 minimat polishing pad distortion at or near the edge of

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

It is yet another object of this invention to describe a design of a CMP wafer
retaining ring which provides the capability of instantaneously manipulating 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




I nner tube pressure and the inproved retaining ring illustrated in Fig. 3
with 12 slurry channels at a retaining ring pressure of 3.5 psi. Figs. 5a,
5c, 5e, 5g, and 5i are graphs showi ng polishing rate as a function of

di stance fromthe center of a 200 nm wafer after CWVP using a several

val ues 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
5] are graphs showi ng polishing rate as a function of distance fromthe
center of a 200 mm wafer after CMP using a several values of inner tube
pressure and the inproved retaining ring illustrated in Fig. 3 with 12
slurry chéigieineagh altaraats ehanpel iswgceseed away dfond i imsier clFcgmfedense af char t
showi ng the variation of the average polishing rate in the edge region as a

functi on té bbtioer; padentadtingyserfacs, dfteaid tetaidiigdrir by bhecksDWpKPCexteh@ Ni Ng
ring. Fig. 7 is a chart show ng that, although the data point in Fig. 6 for

the aver agwaed@enPiie bittel suMaRedHly SRICRIMP 45 brevedt 8bRidad of iHiretinthg® PS -
is greater than the
ring with the polishing pad in the area of the recess. Each recess curves outward ly
towards the inner circumference of the retainirig ring in a manner to form a
symmetrical segmented tab with a rounded edge, tangent to the inner circumference

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 slurry 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




mean polishing rate for the entire wafer. 12 Figs. 8a through 8c is a
sequence of cross sections show ng a wafer undergoing the processing steps
described in the second enbodi nent of this invention. 13 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS In a first enbodinent of this invention a design
of aretaining ring for a CVW° head is described. The enbodi nent will be
geared towards polishing an oxide layer on a 200mm di aneter standard
silicon wafer. The head of the CWP machine will therefore be discussed in
terns of this size wafer. However, the enbodinent is not limted to a 200
mm waf ef but nay be applied to any wafer size. Experinental data wll be
pr esent e@CERSHieghsUarR and Wil hesdrscribed im sremtoedetall in the firgt embgdinkerinfpar ed
to the performance of the prior art retaining ring design show in Fig. 1
b. The O inuentiore TibeCNB appanatustrhestdis@hés thecapahility ofisdientively @endi ni ng
ring design was a Mrra-Mesa polisher manufactured by Applied Mterials

Cor por at indeperfidétitlycaplying dovriviart iressutB 1T driid @ackas afidfeeddyé [(MFAY t an- 1
pol i sher heads which permt the application of a first pressure to the

packs! deoftb the e Blilk 14 RRPY ot HidretathBldGhe? i odd AR a

second pressure to a retaining'ring whic s and conflnes the wafer.
The poli i ] Q LR:sity thickness. netrolo used
Lo dbter alhcapRarafiy ikt A fabd pORRRABRILA IS Uoteronlie SRR B ATt S
t he eval uation re the 1LD1300 sluyrry. and t he OXP4100 pol.isher pad
suppl i edCHIESROFLING $HITacs IBpRD aRACalpIStisRva @%@%ﬂ@ﬁ thﬁﬂT%ga RRP.used
in the exE)er_i ments were Fujinori dianond dresser SD100P.

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 overatl
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




14 Fig. 2a is a cross section of a conventional retaining ring 22, such
as that illustrated in Fig. 1lb, 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

di stance between the wafer and the polishing pad 16 is greater than that
over the rest of the wafer. Wiile the entire space 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 woul d be expected to be significantly di mnished at the

waf er edge. This is what was found, over the entire range of inner tube
pressures exam ned, regardl ess of the value of RRP In order to overcone the

di stortion of the poli Sﬁkﬂ.ﬂ:ﬁﬁ% “‘tﬁﬁ"{@ﬁ'ﬂFWMﬁ[‘% t he edge of the

waf er, and thereby inprove polishing ra edge region, the

et aining 11 naSanay Pty RRSlar| dfovifig i PfafbRTorths SBRFtHE® of 7

section gf. fhe ﬁ%gﬁghﬂg?ﬁ%lfsﬁlirfqngﬂaﬂg{]” ng 122 is shown. Here the polishing

pad 16 iS 1n contl nuous contact with the wafer 12 all the way out
to the wafer edge 17. Qobviously, if

Fig. 1b is an isometric view of 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
illustrated in Fig. 3a, showing one segmented tab encompassing a long 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 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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the retaining ring 122 were recessed along it's entire inner circunference,
it's ability to restrict the wafer novenent woul d be conprom sed. To
overconme this, redesigned retaining ring 122 is provided with regi ons al ong
it's bottominner circunference which are not recessed. 15 Fig. 2b also
shows the effect of wafer pressure on the polishing pad 16 in the region
where the retaining ring 122 is undercut according to the teaching of the
present invention. Downward pressure of the wafer 12 causes the polishing
pad to rise above the edge of the wafer 12. This suggests that the
~polishing rate at the very edge of the wafer 12 would be greater than the
overall rate. Indeed, a higher edge polishing rate is found under
conditions where the inner tube pressure TP is high. The | TP presses down
the edge regi %ﬁg%ﬂbt, fe, dhiddy, a aregraplks shewing palishingunate asa fahctidreof
recessed edge rFtaining ring of the present invention is shown in isonetric
view i n Hisi@negsfromdhe canterofa 208 nuyy wageraftesiGMPAssing 8 severs vatliearad
encl osed. b ymmetrical rqunded tabs 32 which engage and thereby confine
the wafef € PrRssHEt ABHithe Imptayedretpinip ringdlisteated in Rigy Sowitind2 shurey
pl anar vi6m10f a gorﬁgqn of the novel retaining ring to illustrate recessed
regi ons SBARRRIS &t adghAlRINgdINgoRAsgsyre @fh3.8Psihi ch has an effective contact
width "W. Slurry delivery is also believed to be enhanced by this design,
havi ng now channels of alternating | engths 24" and 24". The preferred

effective confact _wi dth "gﬂjfor a retaining ring for a 200mm di aneter
wafer is betwElds- 2Bonf: 8. N PhAre graphs showingnalishingvate as askinstion of
securing t?ecvé/?er 'bs us$d, thg contact width "W nmay be nade even snall er
than 8 niHSIREHRID thgGenterQfia200 empwefanafter GMRB usiica sewgral valyes of
satisfactorily confine th&évgf er. Ex?e,ri ments were al so ﬁerfor med on

And &rapderdyrg

segment elfNELHREPESRHIG aining [gwith 12 sharay shamnels@tef 1 out er

face strg%igl iﬁ.the sl urrﬁ r%?nnel. However, the squared corners were found
to chip SHAYEPIREESSURRI AP Bl therefore this option was not pursued.
The inproved retaining ring 122 illustrated in Figs, 3a,b is preferably
fabricated of a plastic material such as pol yphenyl ene sul fide. The hei ght

"H' of th j f bly bet bout .1 and 3 The.

oref orred dept e 5B 58 5% £ ADH i aud ofAPS Seing PelShing rafe st p fonglioneefs 24"
i bout t | i ¢k "t t i ni i 22. Th

e oveqdBEee!Miin 1 BentdlStET50E myt wafer e G SitEn SEVSreL Fabes o as
about 12.t.af ﬁJbeSNérsgéfreCQﬁ@ B 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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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 channels 24", six
short slurry channels 24" and six symetrical segnmented rounded tabs 32.

For a 200 mm dianeter wafer and a segnent length "W of 12 nm the total
waf er contact |ength, defined as Wtine the nunber of segnented tabs, is
only 11.5 percent of the inner circunference of the retaining ring. The
preferred total wafer contact length is between about 7 and 15 percent of
the inner circliged@teugh Beres asaquenca @f crofg sadtions shpwinhamafakans to

assi st securing the wafer is used, the contact |ength can be even | ess than
7 per cent undargony thaprodessingsteps dasctibed inthetsezondteanbodiment o this
satisfactorily confine the wafer. 17 Wth this arrangenent the polishing
pad is frigeemtforfli stortion by the retaining ring) as illustrated in Fig. 2b,
over 88.5 percent of the tinme. The inproved retaining ring used in the
experinments had a recess depth "D' of about .12 nm and recess height "H' of
about 2mm 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
pol i shi ng experi nents were conventional 200 mm dianeter 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

oxi de |l ayer on each wafer was neasured at many | ocations on the wafer
before and after polishing using the Nano9000 t hi ckness measur enment
capability of the CWP polisher. The tool is capable of measuring

t hi cknesses out to about 99.5 mm fromthe wafer center which is
essentially the very edge of the wafer. The polishing rate was then plotted
for the many neasurenent | ocations as a function of distance fromthe
center of the wafer. The polishing slurry and pad were the 1LD1300 slurry
and the OXP4100 polisher pad respectively. Figs. 4a, 4c, 4e, 4g, and 4i are
experinental plots of oxide renoval rate versus distance fromthe 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
correspondi ng experinmental plots for polishing wafers using the 18

inproved retaining ring 122 supra are shown in Figs. 4b, 4d, 4f, 4h, and
4j, The polishing paranmeters used in all cases are given in Table 1. Table
| Experinental paraneters for CVP Pl aten speedl110 rpm Head speedl104

rpm Menbrane pressure (MP)3.0 psi.Slurry flowlO0 m ./ m n. Polishing tine60
secondsRetaining ring pressure (RRP)3.5 psi and 4.5 psi.lInner 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
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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. 1 b) under the same 19
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 that the polish rate near the wafer edge
was al ways | ower conpared to that in center region, whereas for inproved
retaining ring, the overall polish rate profile could be tuned by inner

t ube pressure (| T@EﬁﬁmPngﬁrﬁ“ﬁaﬂﬁ H&ﬁf?ﬂ%BEDeEmeENBB waf er edge
fast, equal, or slowwith respect to that of wafer center. As shown in
Figs. . 4a) 4c, 4e, 4g, and 4i, wherein the RRP is fixed at 3.5Psi, the
standard retaining ring consistently has a |lower polish rate in the wafer
edge regi on thafirétrerab&ditndrit of G5 irRioh @cﬂ@;éi%\@ ofalrefaififg eingffer aldMP
inproved retaining ring, the polish rate in the wafer edge region varies
with IT d : ' ' f ' ' r
than tnagadis HRErlels, TRECRBIAMThENR fdotaRaIBEICEIRNEPAPBNSR 1M
polish rate-in the.wafer ed regi on beco hi gher, .t h hat .i.n the wafer
center P@& %@ﬁwﬁ'é’@mﬁ rgﬁ@%%rsj .S%@mwiéf-ﬁ éﬁ@?%afc’fﬁ%? ?fsi\ﬂ'g P&?@'B‘? %‘FI es
wer e observed for standard retaining ring and inproved retaiﬁin%,ring when
t he RRPheseiorg bg discusssddn termgebtiviesige wafar dgwevssntheembedimant ds Baldar d
retaining ring in Figs. 5a, 5c, 5e, 5g, and 5i and for the inproved"

ret ai ni higited g ai 200Fmgs.. water bsiéi maif be Bppliethtd &jy wBfegsize.6 shows t he aver age
polish rate in the wafer edge region (the average of the polish rates in
the region greater than 96 mm fromthe center of the wafer) plotted

agai nst the inner tube pressure for each of the data sets displayed in

Figs. 4 and j T ! own as
ot zont al | AECPe BRI bEreSehEREwhloning prTolinch o B ol ¢ 1

the | MrQ¥fithd bG8 bW RE WHdtance 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 slurry 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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t he present invention. For standard Retaining ring, under RRP=4.5 psi and
| TP=5.5 psi, the edge polish rate seens to be higher than the average
polish rate according to figure 6. However, the profile data in Fig. 4i
shows a fall-off in the edge region. This is 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

I mproved retaini n? ring at 1 TP=5.5 psi and RRP=4.5 psi. However the data in
Fig. 4] al so-@nhddinadgress sestiosrofmroryentignal refaiping Nng 92.c5H45d a% thabe waf er
after a steep increase. The differences in wafer edge polish rate profile
bet weenillgsteatddinl Fige t1di, pregssed agpiastte pojistivg patRdbaiauising a idegreasggestthet hat
the presence of enpty space between the contact segnments changes the

| nt er acholBhirphaeeThealdge cMeafepd2usdsse sty SuaBh dg’é%sw% RERiniddrind'e

standard retaining ring arrangenent, there is pad deformati on along
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 lost contact with the wafer under the edge.
Consequently, the poiishing 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 control 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.
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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

al ways results in a lower polishing rate at the very 21 edge of the
wafer. Slightly away fromthe wafer edge at areas that are ~94mm away from
waf er center, contact pressure exerted by the pad on wafer is slightly

hi gher and this results in a slightly higher polishing rate at these areas.
In the inproved retaining ring arrangenent, there is also the pad

def or mat i on R0 alseeshewe thereffedtof pafar prasgura o thripolishing pagydp in figever |
the deformation is away fromthe wafer edge as shown in Figure 2b. There is
bett er regiurewhefectheaetainatieings122 scandercutpentording do ithe teachimguelidheaf er edge.
This results in a better response of polish rate around the wafer edge at
di ff er effesbARlehttiE 6ﬁlﬁ§dérri€?reémﬁe of tHeOWafd 420 UseRIthE palisiihglpatit6 and

hi gh under-polishing at low I TP. The inproved Retaining ring structure is

able to.provi de of | t fl edge.

vor e spdl AR SRPUFTEASREAZ ThE S REesEArEE oo RpR o s e

hi gher, equal, aor |lower than the polish rat% at thne waf er center.region. On
the ot WAy 48,0 th Weel 1A MPUL bR 1P HET agne Qkeyall BtveanAERAVE M ePol | s
rate at wafer edge. The total length of contact segnents and the enpty
space bedgepolishirgnrade is feurichpnderexdndittomsnviererthe dgnpardybe presswseltRig rol e
in allowng different degrees of contact between the polishing pad and the

waf er spighadmedTPunestbe dedaahedtigeregion ¢fithe wdfeads to an inproved waf er
edge polish capability. The inproved retaining ring structure is generally
applicable in other polisher heads that uses a simlar retaining ring to
keep the wafers in position during polishing. Wile the trend in polishing

te f th i i ' ' I : th
very edge.  THIS MEtGEsAbR riByrast o8 rifidapaod RIBMRITAPIRNES "2,
| TP=5.5 psi and RRP=4.5 psi, Ho the data in Fig. 4] al h d
of f of PBRPRMVEREOTAS SHBwY it HOBIRIEE Yot A atenare atetnalt 3B nor case
well into the edge region. It may be that the polish rate b%%ins to drop

of f at thanrets 2dnaregegessad and englosed thytsymmeptigahtburseddapa B whighof t he
measurenents. Neverthel ess, the inproved retaining ring significantly

ext endsehfigge/8Ad tiferabl bnfing the aefattidertths pelisking headgerignbishgwstars ar ea
now useabl e for integrated circuit product. The inproved retaining ring

i okne L et o R B el o o Ry Bt e L oo {he
l'ish fil ' i h LB [
o1 es sur Bead Reoipin ad Tibs shpmelleEPngblab P A AT RERREL 02i 1

adj usted during polishing to achieve the desired end profil ﬁs. The i nproved
r et ai ni agntechyidih M’ d&xury sefiyereis alse haliewpd to bprarhianced bydhistesi@her edge -
polishing rate as well as an increase is useable wafer area. In a second
enbodi maavingfnowElsannele bf alternatingverytts 24t and 24Y. {The prefercaddifedivai ni ng
ring, described herein, is presented. Referring to Fig. 8a, an initially

overal | cBht%Bﬁﬁvj,d%H%lngbr Qir%iﬁ% ri%b'ngQ ROORIR! didthetsr wafatiid Batwakf sbotO i s

an "in-process” wafer and may alréady have one of nore |evels of
manuf acture it. I i ' ' i waf er 40.
e ac BB i ) BESFslé ol B G5 g B RERTE e

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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is athinner in the edge region 44 than in the overall interior region 46.
The thickness "Y of the silicon oxide |ayer in the thinner edge region 44
is greater than a final desired thickness "tf". Wafer 40 is next nounted on
t he head of a CWP polishing nmachine such as the Mrra-Mesa8 polisher fitted
with a Titan-1 polisher head and an inproved recessed face retaining ring
descri bed by the first enbodi nent of this invention. The polisher al so nust
have the capability of selectively and independently applying downward
pressure (I TP) onto back of a wafer edge, (MP) onto the wafer bul k, and
(RRP) onto the inproved retaining rin Using a | LD1300 s| and_t he
OXP4100oudedhel hasha sayars aﬁaut@rﬁaéa Sgﬁd %Qﬁ'@%ﬁhaﬁn%g@‘éﬁ Wathss about
104 rpm, a nmenbrane pressure of about 3 psi., a slurry flow of about 100
m./m rsquased dinefs wbmifouhdSopsiip away duriRgalishiagaand thegefpre this pptiobxi de

| ayer 42 is polished until the surface beconmes essentially planar as shown
in Fi g.watnotRKsuédP i s changed to about 3.5 psi. and, w thout changing any
of the other paraneters, polishing is continued until the final desired
thickness "tf' is reached (Fig. 8c). Referring back to Fig. 5, it is shown
that the first set of parameters corresponds to the profile Fig. 5Sh wherein

over Sf’?ep{ e o R g ARG Fa2fhaf ) 'E‘f?%{ 3R BB 0 he

Fi g. rofile wherein the edge region is polis at aplﬁ)roigl H?,te%xthe
sane rafﬂ ricated |of a lastic Haterialisuah asdalhesy &ml s beight the
t hi ckness. To obtain the sanme results using an RRP of 3 5 psi., afirst

pol i shiregeguesi 30istprefdrablyrbatewechabout fland 3 swac dheppriefdreat depthssP” pFP of
4.5 psi. (Fig. 4h), and then, switching ITP to 3.5 psi. (Fig. 4f) would

lead t hﬁe%@é&%testé‘e 'tﬁds BR of t@@!uﬁ@%@ﬁné&@ﬂ! igRIboud RS thd estapthiokhbes! “f* or

pl anari zing and polishing a |ayef to a desired thickness wherein the

rogi on.ofe LS AuBager 3{‘%2'%\0?5&'%%?%?'"?' Y 282 For 00T BBl

edge region is thicker han teri ion, the first set of

par anetwafer peefgeably hag @ Pl—‘ﬂ/ tﬁ‘ QHHV @F‘f‘% e woul d be of lower |TP 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 sanme as those given in

t he enbodi nent, nanely those which produce uniform polishing for both edge
and i nt er i orExmgineasts (Werg.petfororedRogvafyate Bie ineproived eatainingeimgsdesign. hi s
invention are described for a 200 nm dianeter wafer, it should be

under stpgdp é@@bx@@%eﬁﬁﬁa RearifRd r&BidiRy Al oF tefype siovasinaBigneblwithfe | e a

silicon oxide er was used to illustrate the second enbodl nment of this

Vet g A BEIS W16, g HRBRYEBRaihg h, RGNS ALodaitotRePP! 1 e

to ot het
design in Fig. 3, had six long slurry channels 24, six short slurry 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 aiternate 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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VWhile this invention has been particularly shown and described with
reference to the preferred enbodinents thereof, it wll be understood by
those skilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of the invention. What is
clainmed is: 26 1. Aretaining ring for a rotatable chem cal nechani cal
polishing head conprising: (a) an inner peripheral surface; (b) an outer
peri pheral surface; (c) a |lower surface adapted to contact and depress an
upper surface of a polishing 5 pad during chem cal nechani cal polishing of
the | ower surface of a substrate contained within said inner peripheral
surface of said retaining ring during chem cal nechanical polishing;, and
(d) said |ower surface of said retaining ring having a even nunbered
plurality of Withihjs apangement thiegpolishing pad Befrée of distdrtiom by she cetamiimpt i ng
at said outer peripheral surface, 10 angled toward said inner peripheral
sur f aceringaadillatrateddn Higlr 26,i dver 88.5 perieah bf teainel I hbﬂhitmowaﬂié!éihlhg
inclined in such a manner so as to forman acute angle attack agai nst a

slurry ghgtudedon s e?ﬁéri:ﬂ@ﬁfs%a@&rr% &gptﬁabdof %@Jltn?eﬁnin.% ssaid

retainer ring rotates, erein each alternate slurry very channel is
recesse Yy of saigd i nner pecinheral surface ai d wer surface of
Sara T engi i oPMAR S e RBELBENResS Wt ARGuER AL TBREPSRS onar ds
said out e{gﬁfgr,i, pheral surface and a hei ﬂht whi ch extends sufficiently
upwar d Peight i ig arefrsably alwaye otester baetbe waiernibickeessai d retaining ring
with a subjacent polishing pad within the area of said recess, and wherein
each recess cavity curves outwardly towards said inner peripheral surface
of said retaining ring in a manner to forma symetri cal
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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20 segnented tab with a rounded edge, tangent to the inner circunference of
said retaining ring, neeting said inner circunference at the end of an

adj acent nonrecessed slurry channel and whereby each said segnented tab has
an effective contact wdth at said inner peripheral surface against a wafer
encl osed therein. 2. The retaining ring of claim1 fitted for a 200 mMm
di-aneter silicon wafer. 25 27 3. The retaining ring of claim2 wherein
said even plurality of slurry delivery channels is 12 and thereby said
retaining ring has 6 recessed channels and 6 non-recessed channels, and 6
symet rical mented tabs., 5 4. The retaining ring of claim?2 wherein the
ef fecti vé}“EEﬂVﬁgd’@ta}\ﬁl'ﬂﬁ wingr 122, 840rgf akssshpwry imkigsi 4l 4@e$fnéht apd dhokhs s

bet ween about 8 and 16 nmm in lieu of an alternate neans for retaining said
waf er, wipelishipgpatdmeteir$ esed weall casexs arengideh icdabk® Ibe | ess than 8nm 5. The
retaining ring of claim1 wherein the height of said recessed cavity is
between 10 about 1 and 3 nm 6. The retaining ring of claim2 wherein the
depth of said recessed cavity is about half the total depth of the
retaining ring. 15 7. The retaining ring of claim1 wherein the preferred
total wafer contact length is

Table | Experimental parameters for CMP

Platen speed 110 rpm.
Head speed 104 rpm.
Membrane pressure (MP) 3.0 psi.
| Slurry flow 100 ml./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 psi in 1 psi. intervals

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 resuits are
presented for the standard retaining ring in Figs. 5a, 5c, 5e, 59, and 5i and for the

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

Compared to the standard retaining ring design (Fig. 1b) under the same
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bet ween about 7 and 15 percent of the inner circunference of said retaining
ring in lieu of an alternate neans for retaining said wafer, whereupon the
contact length could be less than 7 percent of said inner circunference. 20
8. A nethod for planarizing the surface of a layer on a substrate
conprising: a) providing a wafer substrate having an essentially planar
upper surface; b) formng a | ayer on said planar upper surface, said |ayer
havi ng an upper surface conprising an edge region along its perineter and
an interior region and wherein the thickness of said Iayer in said edge

region is 2 dlffe ent than the thickness of s a n_sai,d t
T egi on bRel J' fiiss dBProyecC AN e e RSon &g, SEASMoDRsAed T e

final thi ckness nount i nﬂ said substrate on the head of a CMP polisher,
sai d heaﬂle)@bmﬁyppél@e aKide polish rate profile control. For the standard retaining ring, it

was observed that the polish rate near the wafer edge was always lower compared
to that in center region, whereas for improved retaining ring, the overall polish rate
profile could be tuned by inner tube pressure (ITP) and retaining ring pressure
(RRP) to be wafer edge fast, equal, or siow with respect to that of wafer center.
As shown in Figs. . 4a, 4c, 4e, 44g, 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, 5e, 5g, and 5i and for the improved retaining ring in Figé. 5b, 5d, 51, 5h, and

5j.

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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(i) a wafer substrate retaining ring conprising: (j) an inner peripheral
surface; (jj) an outer peripheral surface; a |l ower surface adapted to
contact and depress an upper surface of a polishing pad during chem cal
mechani cal polishing of the | ower surface of a substrate contained within
said i nner peripheral surface of said retaining ring during chem cal
nmechani cal polishing; and Qjj) said |lower surface of said retaining ring
having a even nunbered plurality of evenly spaced straight slurry delivery
channel s, originating at said outer peripheral surface, angled toward said
i nner perigherﬁg ifrface, each of said plurality of straight channels being
radi al | yIUAERtEBE hettes gdae sontirhashigved withdhe dnproygdJetaiRing iipgesianet ack
against a slurry at the outer peripheral surface of said retainer ring when
sai d ret Riengriesenhigventien.es, wherein each alternate slurry delivery channe
is recessed away fromsaid i nner peripheral surface at said | ower surface
of said retaining ring by a recess cavity having depth extendi ng towards
said outer peripheral surface and a hei ght which extends sufficiently

upwar d from sgpfstaAWard R!é[éiﬁiﬁg rirfgy, PRAYERRI=S psi argd 19251518, 2h@lelge! | N
with a subjacent polishing pad within the area of said recess, and wherein |,

each rec It Uy 1 d.l | r al
ur face BPRLEale SR8 K bR ferRe b B Ih A dctotdEla B P, et e
tab with a rounded edfﬂe, tangent .to the inper circunference of said
r et ai ni nffOMENET. the Pretg data i Figndt shows arfplkpfiip dheedgase@rn. bhisds adj acent
non-recessed slurry channel and whereby each said segnented tab has an
ef f ect i vbecausedbe adgét polish ratd grafite snderthisptmndtiorsincfeasesduiondithe waf er
substrate enclosed therein. (ii) means for selectively and independently
appl yi nggemuevpoket sefpreetirurate (ihdiR) trondodowh dvitkeiegpesitotheaiveragtosite 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
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(ti1) means for selectively and independently applying a dowmward pressure
(MP) onto said wafer substrate bulk; and (iv) neans for selectively and

i ndependent |y applying a dowmmward pressure (RRP) onto said retaining ring;
d) polishing said surface layer with a slurry flow and using a first ITP
and RRP conbi nati on under which the polish rate of surface |layer in the
regi on having the greater surface |ayer thickness is faster than the polish
rate in the region having the | esser surface |ayer thickness for a tine
period just sufficient to achieve overall planarity; and e) further
polishin%dsai surface | ayer using a second I TP and RRP conbi nati on under

whi ch th 56|q?§|?*ﬁ waier. oplighthyaway frome thenyater @gge atageas thalare n@4mm
essentially the sane rate as that of said interior region for a tinme period
j ust suf fawaydrammwafet beriee, citactqeessurd eixerted biytthe lpagisen waferisislighatyhod of
claim8 wherein said surface layer is silicon oxide 30

higher and this results in a slightly higher polishing rate at these areas.

In the improved retaining ring arrangement, there is also the pad deformation along

the edges of the Retaining ring due to the RRP. However, the deformation is away

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 ITP.

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
to 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 o an improved wafer edge polish capability. The
improved retaining ring structure is generally applicabie 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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10. The method of claim9 wherein said MP is about 3 psi. 11. The nethod of
claim 10 wherein the thickness of said surface layer in said edge region is
smal l er than the thickness of said surface layer in said interior region.
12. The method of claim1l wherein said RRP is between about 3.5 and 4.5
psi. and said I TP is between about 4.5 psi. and 5.5 psi. 13. The nethod of
claim 10 wherein the thickness of said surface layer in said edge region is
greater than the thickness of said surface layer in said interior region.
14. The method of claim 13 wherein said RRP is between about 3.5 and 4.5
psi. and said ITP is between about 1.5 psi. and 2.5 psi. 31

AL, A Aosiewpwand inveardsding venoedde. ADhia. ifgandralty qobfouhdMobas infprdvéd AL. Ai | . A@
UC. A A% A, 8. AU#| =[ wd: z] &xN S

=Bazupkf et t 5 Pt ah¢ MWRPRL4 8] 5l data : cal ca] ca
] Cg}zgg] cgﬂﬂtg?cg}ﬁ c?ﬁ] gﬂ;U]HcaU] calﬁug@h%%ﬁﬁih%tg{ \?ﬂ&ﬁd C%]a&ﬂ[ VU] ca] ca

Ul cal calbied aarep drad misﬁar%@bﬁ%q@rg%Ubg%i%wérca%%a;@s%ﬁc%&aU] ca] cal

] ca] ca] ca] ca] ca] ca] ca]ca

e o A 2

181F1L1 77781 888 889R9%]u Lo m
;;;;;}xs £9p6uN ef carea
] caU] ca] ca] cal ca] ca] caU] ca] ca] ca] ca] caV] ca] ca] ca

: J<<<<<Nevertheless, ibs improveshetningriop@ighficamtt] egtendd/tiid osallle aafed tedical ca
] caU] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca
] ca] ca] cestgiabapiewaldk Ay MIaRIRREISEREP heWw@Esdable 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 rétaining 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 poliéhing 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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0)- about 3.5 psi. and, without changlng any of the other parameters, polishing is

continued until the final desired thickness “tf* 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 planar 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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thickness. To obtain the same results using an RRP of 3.5 psi., a first polishing
period to planarize the surface is accomplished with an ITP of 4.5 psi. (Fig. 4h), and

then, switching ITP to 3.5 psi. (Fig. 4f) would lead the target thickness.

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 fower ITP such as reflected in Fig. 4b
or 4d,or §b, or 8d. The second set of parameters, to achieve a target thickness (t;)
would then be the same as those given in the embodiment, hamely 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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While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:
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1. A retaining ring for a rotatable chemical mechanical polishing head comprising:
(&)  aninner peripheral surface;
(b)  an outer peripheral surface;
(©) a lower surface adapted to contact and depress an upper surface of a polishing
5 pad during chemical mechanical polishing of the lower surface of a substrate
contained within said inner peripheral surface of said retaining ring during chemical |
mechanical polishing; and
(d) said lower surface of said retaining ring having a even numbered plurality of evenly
spaced straight slurry delivery channels, originating at said outer peripherai surface,
10 angled toward said inner peripheral surface, each of said plurality of straight
channels being radially inclined in such a manner so as to form an acute angle of
attack against a slurry at the outer peripheral surface of said retainer ring when said
retainer ring rotates, wherein each alternate slurry delivery channel is recessed
away from said inner peripheral surface at said lower surface of said retaining ring
15 by a recess cavity having depth extending towards said outer peripheral surface
and a height which extends sufficiently upward from said lower surface to prevent
contact of said retaining ring with a subjacent polishing pad within the area of said
recess, and wherein each recess cavity curves outwardly towards said inner
peripheral surface of said retaining ring in a manner to form a symmetrical
20 segmented fab with a rounded edge, tangent to the inner circumference of said
retaining ring, meeting said inner circumference at the end of an adjacent non-
recessed slurry 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.

25
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3. The retaining ring of claim 2 wherein said even plurality of slurry delivery channels is
12 and thereby said retaining ring has 6 recessed channels and 6 non-recessed channels,

and 6 symmetrical segmented tabs.

5 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 8mm.

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

10 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.

15 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, wheréupon the contact length could be less

than 7 percent of said inner circumference.

20 8. A method for planarizing the surface of a layer on a substrate comprising:
a) providing a wafer substrate having an essentially planar upper surface,
b) forming a layer on said planar upper surface, said layer having an upper
surface comprising an edge region along its perimeter and an interior
region and wherein the thickness of said tayer in said edge region is

25 different than the thickness of said layer in said interior region but the
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| ' lesser of said thickness is greater than a desired final thickness;
c) mounting said substrate on the head of a CMP polisher, said head
_equipped with
(i) a wafer substrate retaining ring comprising:

)] an inner peripheral surface;

an an outer peripheral surface;

"(jjj'). a lower 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 of said retaining ring during
chemical mechanical polishing; and

(i)  said lower surface of said retaining ring having a even
numbered plurality of evenly spaced straight slurry delivery
channels, originating at said outer peripheral surface, angled
toward said inner peripheral surface, each of said plurality of
straight channels being radially inclined in such a manner so as
to form an acute angle of attack against a slurry at the outer
peripheral surface of said retainer ring when said retainer ring
rotates, wherein each alternate slurry delivery channel is
recessed away from said inner peripheral surface at said lower
surface of said retaining ring by a recess cavity having depth
extending towards said outer peripheral surface and a height
which extends sufficiently upward from said lower surface to

prevent contact of said retaining ring with a subjacent polishing

pad within the area of said recess, and wherein each recess
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Y10%& ()- Cpl 100/%%' 0 Tneé'r%offb&'sé?e'ctive!y and independently applying a downward
pressure (MP) onto said wafer substrate bulk; and
| (iv)  means for selectively and independently applying a downward
pressure (RRP) onto said retaining ring;
d) polishing said surface layer with a slurry flow and using a first ITP and
RRP combination under which the polish rate of surface layer in the
region having the greater surface layer thickness is faster than the polish
rate in the region having the lesser surface layer thickness for a time
period just sufficient to achieve overall planarity; and
e) further polishing said surface layer using a second ITP and RRP
combination under which the polish rate of said surface layer edge region
polishes at essentially the same rate as that of said interior region for a

time period just sufficient to achieve said desired final thickness.

9. The method of claim 8 wherein said surface layer is silicon oxide
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region is smaller than the thickness of said surface layer in said interior region.

12.  The method of claim 11 wherein'said RRP is between about 3.5 and 4.5 psi.
and said {TP is between about 4.5 psi. and 5.5 psi.

13.  The method of claim 10 wherein the thickness of said surface layer in said edge

region is greater than the thickness of said surface layer in said interior region.

14.  The method of claim 13 wherein said RRP is between about 3.5 and 4.5 psi.
and said ITP is between about 1.5 psi. and 2.5 psi.
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