RETAI NI NG RI NG FOR HOLDI NG SEM CONDUCTOR WAFERS I N A
CHEM CAL MECHANI CAL POLI SHI NG APPARATUS The i nvention
relates to a retaining ring for holding sem conduct or
wafers in a chem cal nmechani cal polishing apparatus
such as described, for exanple, in U S. patent No.
6, 251, 215. Nowadays, integrated circuits are typically
formed on sem conductor substrates, particularly
silicon wafers, by the sequential deposition of
conductive, sem conductive and insulative |ayers on the
waf er. After deposition of each layer, etching is
performed to create the circuitry functions. After a
series of layers have been sequentially deposited and
TN RING PORTHOL DENG SERICONBUCTERTAKERS,
INoACGHEMIGAL MECHANIGCAL RAOLBISHING APPARAPUSar
surface presents problens in the photolithographic
steps of the integrated circuit fabrication process.
Therefore, there is a need to periodically planarize or
| evel off the sem conductor substrate surface.
So-cal | ed chem cal nechani cal polishing (CW) is one of
nari zation
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O|IShI ggg %Qg exposed surface of the substrate
rﬁhe ¢ inst a rotating polishing pad. A
controlled force is exerted on the substrate via the
carrier head to press the substrate against the
Nowadaysi ﬂ'gepaaiedmlmﬁmsamrtgpetgﬂmtfomeda:msergnmhdhetmt
ubstance and

suBBFafety Barhalih Shieoh \Faf Reb BiF sRte BFatFRPGH92 Af ng
copddctweQ senieondidtng: ShdhRnative 18R rEWR tHeoR8hs. Wt position

of each ?z:lnlfeei'd e?ghlr?g ?sf ];nggf%rmledeto crtegte the circuitry functions. After a
series of layers have been sequentially deposited and etched, the uppermost
surface of the semiconductor substrate, i.e., the outer surface of the
substrate, becomes increasingly non-planar. This non-planar surface presents
problems in the photolithographic steps of the integrated circuit fabrication
process. Therefore, there is a need to periodically planarize or level off the

semiconductor substrate surface.

So-called chemical mechanical polishing (CMP) is one of the accepted methods
for this. This planarization method typically requires that the substrate, i.e.,
the semiconductor wafer, be mounted on a carrier or polishing head. The
exposed surface of the substrate is then pressed against a rotating polishing
pad. A controlled force is exerted on the substrate via the carrier head to press
the substrate against the polishing pad. A polishing agent containing at least
one chemically reactive substance and abrasive particles is supplied to the

surface of the polishing pad.



tendency to polish the edge of the substrate to be
polished at a different rate than the center of the
substrate. This typically results in over-polishing at
the edge, i.e., the renoval of too nmuch material from
the edge, particularly at the outernost 5 to 10 mm of
a wafer of 200 mMmmin dianmeter. Over-polishing reduces
the overall flatness of the substrate and nmakes the
edge of the substrate unsuitable for integrated circuit
fabrication and therefore decreases the process yield.
To solve this problem U S patent No. 6,251, 215
suggests that the retaining ring be nmade of two
portions, with one portion being made of a rigid
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ring be bonded to one another with an epoxy adhesive.
Alternatively, it is suggested that the two portions be

Ovevi i hirgp e¢deresvthieloveralb Flasseds bf tH@smHs’%EétbCéhd Rftikes the
solquftl ons prove to be inadequate. 3 Wiile the plastic
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deEV&seHQhE'&Béeéggeﬁ%ﬁnded W th epoxy adhesive, the
reconditioning o e retaining ring after the plastic
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t nmetal portion is then heated up to approxi nat
naQ@fgy@ metal portlon and a second portion of a plastic material, Wthh is
less rigid, so that, on the one hand, it can be subjected to abrasion, and, on

the other hand, it will not damage the semiconductor wafer when contacting it.

Owing to the edge conditions that prevail in chemical mechanical polishing,
U.S. patent No. 6,251,215 suggests that the plastic portion of the retaining
ring and the metal ring be bonded to one another with an epoxy adhesive.

Aiternatively, it is suggested that the two portions be joined together with a
press fit.

In practice, both solutions prove to be inadequate.



thermal | y deconpose the adhesive residues thereon.
Subsequently, the netal portion has to be sandbl asted
in order to renove final residues of the adhesive, and
only then can a new plastic ring be adhesively attached
thereto. OMng to this time-consum ng and costly
procedure, the retaining rings as such becone very
expensive. In addition, the nmetal portions, which are
nore expensive to produce than the plastig:pgrtions,
only wthstand a small nunber of cycles, inA
particul ar, on account of the tenperature treatnent for
thermal deconposition of the adhesive and the

sandbl asting treatnent that is subsequently required.
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expensive to produce than the plastic portions, only withstand a small number
of cycles, in particular, on account of the temperature treatment for thermal
decomposition of the adhesive and the sandblasting treatment that is

subsequently required.

Exchanging a used plastic ring when metal portion and plastic portion are
joined with a press fit is easier, but a press fit for joining the plastic and metal
portions has proven unsuitable for reliably withstanding the forces that occur

during the polishing process.

The object of the invention is to propose a retaining ring which can be
manufactured more cost-effectively and, in particular, fitted more cost-

effectively with a new plastic part.

This object is accomplished in accordance with the invention with a retaining

ring comprising:
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connection and w t hout adhesive on the carrier ring;
the first material having a higher rigidity than the
plastic material of the bearing ring. 0 The _

rel easabl e, non-rotatable, positive and/or frictiona
connection of bearing ring and carrier ring in the
retaining ring according to the invention is .
preferably made in the area of an outer circunferentia
surface of the bearing ring. This allows optinum
conditions for absorbing the forces acting on the
carrier ring during the chem cal nechanical polishing
process. The bearing ring is seated particularly
securely on the carrier ring when the bearing ring has

2 DT R RPL AR ARRER A patB Buhbieb gor ntting the

cariiengringerethe pdlishing appaftuenthal surface for _
establishing the positive and/or frictional connection
is then a circunferential surface of the step. The
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carrier ring is thereby protected to a | arge extent

CoRpeHAbANd vytheut adhesivapnitbelcarriearisg; f r om subsequent
corrosi on probl ens because the surfaces of the carrier
ring pointing towards the polishing surface are covered

théfirsthmatdrdzirhawing artggher rigidity than the plastic material of the

bearing ring.

The releasable, non-rotatable, positive and/or frictional connection of bearing
ring and carrier ring in the retaining ring according to the invention is
preferably made in the area of an outer circumferential surface of the bearing
ring. This allows optimum conditions for absorbing the forces acting on the

carrier ring during the chemical mechanical polishing process.

The bearing ring is seated particularly securely on the carrier ring when the
bearing ring has on the side towards the carrier ring a step which follows the
circumference and receives the carrier ring therein. The circumferential surface
for establishing the positive and/or frictional connection is then a
circumferential surface of the step. The step can extend right around the
circumference or consist of ring-segment-like step areas disposed over the

circumference.



In a variant of the retaining ring according to the

i nvention, provision nmay be nmade for the bearing ring
to have a flange extendi ng around the circunference,
projecting radially outwardly and enl argi ng the bearing
surface of the front side of this ring. This outwardly
projecting flange of the bearing ring offers the
carrier ring additional protection against soiling
during the chem cal mnechanical polishing pocess. In
particular, the idea of designing the carrier ring,
which is nore expensive to manufacture, as a part which
will last as long as possible and be reusable, and of
only exchanging the bearing ring regularly as required
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thg gagiert ring gointing tawerdsdiherpalishiofg shidabeare agveratgby the

ihits, the flange of the carrier ring my support
be?ﬁgbmr{aqige of the bearing ring partially or also over

its entire surface. -6 Provision is made in a further
preferred enbodi nent of the present invention for the
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chemigal inpeghanieal polisbingrifiosgsef Inpamicularathedded afdesigning the
carrier ring, which is more expensive to manufacture, as a part which wil last
as long as possible and be reusable, and of only exchanging the bearing ring
regularly as required by its state of wear, is thereby realized in an economic

form,

In this variant of the retaining ring according to the invention, provision may

be made, depending on the rigidity of the material of the bearing ring, for the
carrier ring to also comprise an outwardly projecting flange for stabilizing the

flange of the bearing ring in its geometrical shape. Depending on what rigidity
the material of the bearing ring exhibits, the flange of the carrier ring may

support the flange of the bearing ring partially or also over its entire surface.
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The surface portions on which bearing ring and carrier

ring lie surface-to- surface agai nst one anot her

preferably have a radial orientation and forma planar

base and hence support for the bearing ring on the

carrier ring. Alternatively, a slightly coni cal

configuration of these surface portions is also

concei vabl e wi t hout any maj or di sadvantages. The

conpl ementary projections and recesses of p%a_ri ng ring

and carrier ring for centering the bearing ring with

respect to the carrier ring are preferably arranged in

the area of the surface portions on which carrier ring

and bearing ring lie surface-to-surface agai nst one
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the carrier ring is shielded even better from
beplipg fliSes of the chenical mechanical poli shing
process, which permts a |larger choice of nmaterials for
manufacturing the carrier ring. At the sane tine, an
Thexsactaceqrartionagncahidhebearing edgland barr@rimrunfie sarfaical to-
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platair lHaee dridiBence support for the bearing ring on the carrier ring.

Alternatively, a slightly conical configuration of these surface portions is also

conceivable without any major disadvantages.

The complementary projections and recesses of bearing ring and carrier ring
for centering the bearing ring with respect to the carrier ring are preferably
arranged in the area of the surface portions on which carrier ring and bearing

ring lie surface-to-surface against one another.

In a further preferred embodiment, the complementary projections and
recesses of bearing ring and carrier ring may be used for making a connection
with a press fit.
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Provision is made in an alternative enbodi nent of the
present invention for the carrier ring to have on its
surface portion that contacts the bearing ring a ring
groove with a wall oriented substantially parallel to
the ring axis and a threaded section, and for the
bearing ring to have on its side axially opposed to
the first front side one or several projections _
desi gned conpl enentarily to the ring groove and having
a threaded section of conplenmentary design to the
threaded section of the axially parallel wall of the
groove. This makes it possible for the carrier ring to
be screwed to the bearing ring, and in one variant the
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ring collar of the bearing ring has a conplenentary
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sections on the projection or ring collar of the .
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ringfand carrier ring consists in _
collar of the bearing ring. It i5 also conceivable to design the collar for a press

fit connection with the carrier ring.

Provision is made in an alternative embodiment of the present invention for
the carrier ring to have on its surface portion that contacts the bearing ring a
ring groove with a wall oriented substantially parallel to the ring axis and a
threaded section, and for the bearing ring to have on its side axially opposed
to the first front side one or several projections designed complementarily to
the ring groove and having a threaded section of complementary design to the

threaded section of the axially parallel wall of the groove.

This makes it possible for the carrier ring to be screwed to the bearing ring,
and in one variant the bearing ring has a collar extending around the

circumference as projection with a threaded section.

Alternatively, the ring coliar may be divided up into several ring segments

spaced from one another.



provi ding these with cooperating detent neans which in
the fitted state of the rings forma detent connection
and secure the rings against axially acting forces in
the fitted state. The detent connection is preferably
designed so as to sinultaneously act as securing nmeans
against rotation. To this end, several snap connections
may, for exanple, be disposed over the circunference
of the ring, with detent noses engaging ingjvidua
recesses and thereby preventing rotation of %the bearing
ring relative to the carrier ring in the snapped-in
state. Provision is nmade in a further alternative
enbodi nent of the present invention for the carrier

rj ' have surf ortions of
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fromthe bearing surface of the bearing ring.

A further alternative for joining bearing ring and carrier ring consists in
providing these with cooperating detent means which in the fitted state of the
rings form a detent connection and secure the rings against axially acting
forces in the fitted state.

The detent connection is preferabiy designed so as to simultaneously act as
securing means against rotation. To this end, several snap connections may,
for example, be disposed over the circumnference of the ring, with detent noses
engaging individual recesses and thereby preventing rotation of the bearing

ring refative to the carrier ring in the snapped-in state.

Provision is made in a further alternative embodiment of the present invention
for the carrier ring and the bearing ring to have surface portions of
complementary design with which they rest against each other in the fitted
state, and for the surface portions to have projections and recesses of
complementary design for joining the rings by a shrinking-in or shrinking-on

process.



In the sinplest case, the carrier ring consists of two
ring segnents, i.e., of two ring halves, as it were,
whi ch are pushed in radial direction onto the bearing
ring. Here the flange portions simnultaneously act as
the reinforcenent of the bearing ring and thereby
ensure that it retains its shape. At the sane tine,
the flange portions carry several fitting sections with
which the entirety of bearing ring and cargier ring
can then be attached to the polishing apparatus. These
fitting sections, may, for exanple, consist of sinple
bushings with an internal thread. Alternatively, the
fl ange portions may also have bores with an interna
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screwab an alternative two ring | ves,

smelt@menusdy bg seynethagaingy rb@tloan b'poee@spoedmtgrmmgn of the

ce so as to formthe carrier ring. These

p“ﬂﬁﬁﬂ°”§@5ﬁéﬁF§5§§ not necessarily have to be directly
adj acent to one another, -10 but may be spaced from one
another. The size of the spaci ng between the
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bores vvlth an internal thread, which are formed in the
flange itsel f, accessible. An enbodinent of the present
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ring halves, as it were, which are pushed in radial direction onto the bearing
ring. Here the flange portions simultaneously act as the reinforcement of the
bearing ring and thereby ensure that it retains its shape. At the same time,
the flange portions carry several fitting sections with which the entirety of
bearing ring and carrier ring can then be attached to the polishing apparatus.
These fitting sections, may, for example, consist of simple bushings with an

internal thread.

Alternatively, the flange portions may also have bores with an internal thread

into which fitting bolts are directly screwable.

As an alternative to the two ring halves, several ring segments may be
disposed over the circumference so as to form the carrier ring. These ring

segments do not necessarily have to be directly adjacent to one another,



previously described enbodi nents provides for the
bearing ring and the carrier ring to have
conpl ementary surfaces which in the fitted state are in
alignment w th one another and form between them a
ring channel which is sealed off fromthe environnent
by ring-shaped sealing elenents, and for the carrier
ring to have a cl osabl e opening accessible fromthe
outside and |l eading into the ring channel- {Qr-
evacuation of the ring channel. Alternatively, the
cl osabl e opening leading into the ring channel could,
of course, also be arranged on the bearing ring. For
cost reasons it is, however, preferable to provide
buf My 88 sEB@ed? fiorh ¥nel drithe Thé SizeTtheCPURtd beEween the
bet ween bearing ring and carrier ring can then be nade
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preferably achieved by providing on the bearing ring ]
In arirefersed gmbedimentnfie aregvy saiasignrd sp@pdech P tew@sses in
_ . ¢ . . . . . _
s G 1 BER AR S 268! pg SURSEECIEE MUt ring
Eldmeamtisngf thei fitgingrekctioes sarefthee ratlialgdnsantablerfromnthe diiséde

._.cavity can then be filled,with a curable material.

intBtBESY FECRIPa BT ROUH B R it iRAErASHNE RSOl <

app&iaths ONRsTRIEGTEOE eRENWRE DD BASHIRES WHISh @RE pladdd &R the
ring. A securing of the carrier ring on the bearing

flange gosiens:i e (raesses MawkihaweNare giscomakarbaies ovide an internal

BN B GG PRpHERSAD, Pk pgenserert o

such a cav ative’ ;" the bearing
ring and the carrier ring can be rotationally fixedly
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previously described embodiments provides for the bearing ring and the carrier
ring to have complementary surfaces which in the fitted state are in alignment
with one another and form between them a ring channel which is sealed off
from the environment by ring-shaped sealing elements, and for the carrier ring
to have a closable opening accessible from the outside and leading into the

ring channel for evacuation of the ring channel.

Alternatively, the closable opening leading into the ring channel could, of
course, also be arranged on the bearing ring. For cost reasons it is, however,

preferable to provide this on the carrier ring.

A frictional connection between bearing ring and carrier ring can then be made
by evacuation of the ring channel. The bearing ring can be removed and

exchanged by simple aeration of the ring channel.



Here it is preferable to use a threaded bolt which at
the sane tine can then be secured by tightening it in
the recess. Such screw bolts can be inserted in both
axial and radial direction into corresponding recesses
and simlarly serve in any case to prevent rotation. In
a preferred enbodi nent, the plastic material includes a
thernoplastic material, a thernosetting plastic
material, an el astonmer and/or a plastic cofpasition.
It is advantageous for the plastic material to be a
reinforced, in particular a fiber-reinforced, plastic
material. -12 To inprove the tribol ogical properties,
it has proven expedient to adm x abrasion-reducing
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he 'retaining ring according
As an alternative to this, the bearing ring and the carrier ring can be
rotationally fixedly connected to one ancther by a bolt engaging recesses on

both the bearing ring and the carrier ring.

Here it is preferable to use a threaded bolt which at the same time can then be

secured by tightening it in the recess.

Such screw bolts can be inserted in both axial and radial direction into

corresponding recesses and similarly serve in any case to prevent rotation.

In a preferred embodiment, the plastic material includes a thermoplastic
material, a thermosetting plastic material, an elastomer and/or a plastic

composition.

It is advantageous for the plastic material to be a reinforced, in particular a

fiber-reinforced, plastic material.



to the invention; Figures 5A to 5D show a further
enbodi nent of the retaining ring according to the

i nvention; Figures 6A to 6D show a further enbodi nent
of the retaining ring according to the invention; - 13
Figures 7A to 7D show a further enbodi nent of the
retaining ring according to the invention; Figures 8A
to 8D show a further enbodi ment of the retaining ring
according to the invention; Figures 9A to19D show a
further enbodi ment of the retaining ring according to
the invention; 0 Figures 10A to 10F show a further
enbodi ment of the retaining ring according to the
invention; and Figures 11A to 11D show a further
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abfasiomgedbenganddbir meaapeduaingsadditives, afionienamplag PIPE,
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lik&\RfiH the plaBticehaterdlg ring 10 consists of a carrier
ring 12 made of a first material, in particular,

netallic materials and/or plastic materials with a
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of aplesbtwodaléns oncémeonants.er ring 12 is a bearing ring
14 made of a plastic material. The first nmaterial has
a higher rigidity than this plastic

These and further advantages of the invention will be explained in more detail

hereinbelow with reference to the drawings, in which:

Figures 1A to 1D  show a first embodiment of a retaining ring according to

the invention;

Figures 2A to 2D show a further embodiment of the retaining ring according

to the invention;

Figures 3Ato 3D  show a further embodiment of the retaining ring according

to the invention;

Figures 4A to 4D  show a further embodiment of the retaining ring according

to the invention;

Figures 5A to 5D  show a further embodiment of the retaining ring according

to the invention;

Figures 6A to 6D  show a further embodiment of the retaining ring according

to the invention;



material. -14 At regular angular intervals on its side
lying towards the polishing apparatus, the carrier
ring 12 has threaded bores 16 for attaching the
retaining ring to the chem cal nechanical polishing
apparatus. On its side pointing towards the polishing
apparatus, the carrier ring 12 also has an opening 18
into which a projection (not shown) on the polishing
apparatus extends when the retaining ringJsg3fitted on
t he polishing apparatus, so that provision i1s always
made for a defined assenbly position of the retaining
ring in the polishing apparatus. This is facilitated,
in particular, by the alignnent of the threaded bores
; COhT esHUL] = .
Flggg%%ngrtl?s?ﬁt hr ough amn%rglﬁgﬁgggggﬁ@@owsﬁé;fegagﬁégwgn&cordmg
into the threadde inveesioh and the retaining ring is
t hereby attached to the polishing apparatus. Figure
113 shows a sectional view of the retaining ring 10 of
Figor8s 88, th"8B! ONghow ianirthe eBolindentdat B tdi8irhd PFIgPA&ording
according to which the bearing ring nmade of plastic
material is heldthd irvgotioadhesi ve, rel easably,
non-rotatably, with a positive and/or frictiona
connection on the carrier ring. For this purpose, the
Figueas Oagtor $Dg 1dhdvas furthdrserabgdeinhéat oltHeheetamifd g adt@rding
12 a step 22 set back fromthe outer circunference 20,
as shown in th¥ B8 BVEBHO"hore detailed illustration
in Figure 1C. In order to rel easably and non-rotatably
join the carrier ring and the bearing ring to one
Figanes ROA twi 10F asliow @t fusthedr erobodichéminof theheetamimg eing according
ring, which, in Ehe. iven exagple, Is made of steel, is
shrunk onto t“%'ﬁ% Nl OPiﬁ& whi ch is made of plastic.
The plastic nmaterial of the bearing ring is preferably

~a polyphenyl ene sulfide material (PPS), a PEEK, PAI,
Figores pAA to 11D show a further embodiment of the retaining ring according

to the invention.

Figure 1A shows in a plan view from the side facing the polishing apparatus
a retaining ring 10 according to the invention for assembly on a chemical

mechanical polishing apparatus for semiconductor wafers.

The retaining ring 10 consists of a carrier ring 12 made of a first material, in
particular, metallic materials and/or plastic materials with a stability like that of

metailic materials, in particular, fiber-reinforced plastics.

Arranged concentrically on the carrier ring 12 is a bearing ring 14 made of a
plastic material. The first material has a higher rigidity than this plastic

material.



POM PET or a PBT in pure or nodified form To inprove
the tribol ogical properties, abrasion-reducing and/ or
wear - reduci ng additives, for exanple, PTFE, polyim de,
nol ybdenum di sul fi de, graphite, boron nitride,
nanoparticles or the |ike, may be added. - 15 An
excel l ent overall stability is inparted to the
retaining ring 10 by the greater rigidity of the stee
material of the carrier ring 12, whereas theggpl astic
material of the bearing ring 14 lies slidingly on the
abrasi on surface of the chem cal nechanical polishing
apparatus, and the sem conductor wafer is held within
the ring space 24 defined by the bearing ring during

At Pﬁlapbhanmqnﬁm&@% ;&%@ae W@%@%soihet Bbl%hmct; apparatus,

diment resides, In particular, 1n that ste

the cargieraing pa hetsriinaded borém 1§|fasatt@cbwthegratam@ng4i,ng to the
and frictional ,. releasable but nevertheless

chelBical e PolRATE P ettt ai ned. When the bearing
ring 14 is worn, it can be renoved very easily from
the carrier ring 12 and replaced by a new bearing ring
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retaining ring 10 is substantially free of = steps,
alignreent pfithe threadedrares ditewith Girrespongiing mrg:uguhngolga arsthe
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threstied diongs nécired thye fetairing rimyartteréthaattahed as therpolishing
r|n% 12 and, in addition, receiving the carrier ring

PRI FHS-a step 22 (Figure 1C) set back fromthe outer
circunference 20, the ring space 24 is essentially
delimted exclusively by the

Figure 1B shows a sectional view of the retaining ring 10 of Figure 1A along

line A-A and elucidates the principle according to which the bearing ring made
of plastic material is held without adhesive, releasably, non-rotatably, with a
positive and/or frictional connection on the carrier ring. For this purpose, the
bearing ring 14 has on its side facing the carrier ring 12 a step 22 set back
from the outer circumference 20, as shown in the enlarged, more detailed
illustration in Figure 1C. In order to releasably and non-rotatably join the
carrier ring and the bearing ring to one another with a frictional connection,
the carrier ring, which, in the given example, is made of steel, is shrunk onto
the bearing ring which is made of plastic. The plastic material of the bearing
ring is preferably a polyphenylene sulfide material (PPS), a PEEK, PAI, PI, PA,
POM, PET or a PBT in pure or modified form. To improve the tribological
properties, abrasion-reducing and/or wear-reducing additives, for example,
PTFE, polyimide, molybdenum disulfide, graphite, boron nitride, nanoparticles
or the like, may be added.



bearing ring 14. The sem conductor wafer to be polished
in the chem cal nechanical polishing apparatus
therefore only cones into contact with the relatively
soft plastic material of the bearing ring 14, which
mnimzes the risk of damage occurring to the edge of
the sem conductor wafer. Figure 1D again shows a
perspective view of the retaining ring 10, which, in
particular, illustrates that the inner spacggaf the
retaining ring 10 is mainly delimted by the bearing
ring 14. - 16 Figures 2A to 2D show a further vari ant
of a retaining ring 30 according to the invention,
which, like the retaining ring 10 of Figures 1A to 1D,
|
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The circumferential surface 20 of the retaining ring 10 is substantially free of
steps, i.e., the outer circumference of the bearing ring 14 is in alignment with
the outer circumference of the carrier ring 12. Owing to the bearing ring 14
extending radially further inwards than the carrier ring 12 and, in addition,
receiving the carrier ring 12 in a step 22 (Figure 1C) set back from the outer
circumference 20, the ring space 24 is essentially delimited exclusively by the
bearing ring 14. The semiconductor wafer to be polished in the chemical
mechanical polishing apparatus therefore only comes into contact with the
relatively soft plastic material of the bearing ring 14, which minimizes the risk

of damage occurring to the edge of the semiconductor wafer.

Figure 1D again shows a perspective view of the retaining ring 10, which, in
particular, illustrates that the inner space of the retaining ring 10 is mainly
delimited by the bearing ring 14.



the bearing ring 34, i.e., by its relatively soft
plastic material. As shown in Figure 2B, this is
apparent fromthe sectional view taken along line A-A
in Figure 2A. This is also illustrated, in particular,
in Figure 2D. In the area of the step 42, the bearing
ring 34 has on its radial surface contacting the
carrier ring 32 a ring-shaped rib 43 which engages a
conpl ementary ring groove 45 on the undersige of the
carrier ring 32. In this enbodi ment of the retaining
ring according to the invention, the connection

bet ween the bearing ring 34 and the carrier ring 32 can
be made wth a press fit by the ring-shaped rib 43
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A step 42 set back from the outer circumference 40 is provided on the bearing
ring 34 for receiving the carrier ring 32 (Figure 2C). Therefore, an inner space
44 formed by the retaining ring 30 is again essentially delimited exclusively by
the bearing ring 34, i.e., by its relatively soft plastic material. As shown in
Figure 2B, this is apparent from the sectional view taken along line A-A in
Figure 2A. This is also illustrated, in particular, in Figure 2D. In the area of the
step 42, the bearing ring 34 has on its radial surface contacting the carrier ring
32 a ring-shaped rib 43 which engages a complementary ring groove 45 on

the underside of the carrier ring 32.

In this embodiment of the retaining ring according to the invention, the
connection between the bearing ring 34 and the carrier ring 32 can be made
with a press fit by the ring-shaped rib 43 being pressed into the ring groove
45,



expenditure. Wth this retaining ring, too, the carrier
ring 32 again assunes the task of nechanically
stabilizing the ring and thereby ensuring a fixed
geonetry thereof. The bearing ring 34 with its
relatively soft material protects the sem conductor
waf ers agai nst contact with the carrier ring 32 and
thereby obviates damage to the edge of the
sem conductor wafers. A further variant of- ga7r-etaining
ring 50 according to the invention is shown in Figures
3Ato 3D. Here, too, a carrier ring 52 assunes the task
of mechanically stabilizing the retaining ring 50 and
guaranteeing its exact geonetry. It is preferably made
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drastically reduced, in particular, also because the bearing ring 34 as part
which is subjected to wear can be manufactured considerably more cost-
effectively than the carrier ring 32 which involves relatively high manufacturing

expenditure.

With this retaining ring, too, the carrier ring 32 again assumes the task of
mechanically stabilizing the ring and thereby ensuring a fixed geometry
thereof. The bearing ring 34 with its relatively soft material protects the
semiconductor wafers against contact with the carrier ring 32 and thereby

obviates damage to the edge of the semiconductor wafers.

A further variant of a retaining ring 50 according to the invention is shown in
Figures 3A to 3D. Here, too, a carrier ring 52 assumes the task of mechanically

stabilizing the retaining ring 50 and guaranteeing its exact geometry. It is

preferably made of steel.




the bearing ring 54, extending in axial direction and
essentially covering the outer circunferential surface
of the carrier ring 52 conpletely. The carrier ring 52
is therefore arranged in a ring channel 62 of the
bearing ring 54 and substantially covered by the
pl astic material of the bearing ring on its surfaces
extending in axial direction. This opens up the
possibility for the designer to use a nore agwant ageous
metallic material which has the sanme nechani ca
properties as the steel material referred to
previously, but is nore cost-effective, in particular,
al so for the manufacturing processes of the carrier
on'itd'8ide%pointifg Rbﬁ‘%?@@tﬁ@b@éhﬁb Qirfacklt¥ theadHdrichl ﬁﬂacﬁé‘mlcal
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Figure 3B shows a sectional view of a retaining ring 50 according to the
invention taken along line A-A of Figure 3A. Here it is apparent that the outer
circumference 60 of the retaining ring 50 is formed by a collar 66 carried by
the bearing ring 54, extending in axial direction and essentially covering the
outer circumferential surface of the carrier ring 52 completely. The carrier ring
52 is therefore arranged in a ring channel 62 of the bearing ring 54 and
substantially covered by the plastic material of the bearing ring on its surfaces

extending in axial direction.

This opens up the possibility for the designer to use a more advantageous
metallic material which has the same mechanical properties as the steel
material referred to previously, but is more cost-effective, in particular, also
for the manufacturing processes of the carrier ring 52. The plastic material of

the bearing ring 54 protects the surfaces of the carrier ring 52 in those areas



inorganic material. When fitting the carrier ring 52 on
the bearing ring 54, the material is still soft and
shapeabl e and therefore substantially fills out the
cavities forned by the recesses on the bearing ring 54
and the carrier ring 52. The material in the recesses
is then cured and thus fornms a securing neans agai nst
rotation. At the same tinme, a kind of securing neans is
created to prevent the bearing ring 54 frombeing
readily detachable fromthe carrier ring 52. The choice
of curable materials as filler 69 for filling the
cavity 68 is very wide as these materials are
conpl etely shielded off fromthe environnment and
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specified by the nechanical strain duringt
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uséddi al direction of the retaining ring 50 that the
i nner space 64 thereby created is substantially
delimted by the relatively soft material of the
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enbodi nents of the retaining rings 10 and 30, which

come@myh@r@en previously described, and likew se to the

majority of the retaining rings d| scussed her ei nbel ow,

even though specific nention is no | onger nmade of
In the eveRt glispscidiisttessed, showans forr pfee:ren‘tmgi nhtioh can, however,
berp%eildréldn%sr Ih%%m@y %:acyo(r) é)rg pPe in lglgure 3D. For this purpose, there
are provided at one or several locations on the carrier ring 52 and the bearing
ring 54 at intervals over the circumference of the retaining ring 50 recesses
which together form a cavity which can be filled with a curable organic or
inorganic material. When fitting the carrier ring 52 on the bearing ring 54, the
material is still soft and shapeable and therefore substantially fills out the
cavities formed by the recesses on the bearing ring 54 and the carrier ring 52.
The material in the recesses is then cured and thus forms a securing means
against rotation. At the same time, a kind of securing means is created to
prevent the bearing ring 54 from being readily detachable from the carrier ring

52.

The choice of curable materials as filler 69 for filling the cavity 68 is very wide
as these materials are completely shielded off from the environment and
merely have to meet the mechanical requirements specified by the mechanical
strain during the polishing process. It is preferable for thermally curable

materials to be used.




i nvention, which is essentially conprised of two parts,
namely a carrier ring 72 and a bearing ring 74. The
carrier ring 72 again has at regular angular intervals
t hreaded bores 76 and an openi ng 78 whose function
corresponds to the threaded bores and openings of the
previously described retaining rings. Here, too, the
bearing ring 74 extends radially further inwards than
the carrier ring 72 and thereby provi des apgi-nner
space 84 which is substantially delimted by the
pl astic material of the bearing ring 74 and is
therefore gentle on the sem conductor wafers
accommobdat ed therein. Here again the outer
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ring 72 against any possible attack by these
materials. In addition, the carrier ring 72 is pressed
Thé mreans fdntg'ewhatinglromjomm thesrdtagting Inings aacordieg to the

, ed,ill tratlonl re.4B re sent§ a

Ve Bh RS et S i rEreEnct o mamEb S X8R gled be

ap§l|éﬂ takhey ebibddifients 6Ethd h@taﬁhih?lrirﬁﬁ 10 |alph§It 3@t WA Had
ure 4C al so shows a ecial feature of this variant

a"@Pg‘f Peeparravivusly desribeg, ane livewise be fee maprgv @fithe rekaining
ringg%zﬁsggd haPeihBER 'é\ﬂen fHdlE]nhSQp{l:flf" i hR %ﬁéc? g)n‘agr fade
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ofthésiliently on the bearing ring 74 and a recess
therefor arranged in the inner circunferential wall of
the carrier ring 72 is provided on the inner
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| east one |ocation, but even better at Tegular angul ar
mwe,m[tl@nvaqrgc!mﬁeessentlally comprised of two parts, namely a carrier ring 72
and a bearing ring 74. The carrier ring 72 again has at regular angular
intervals threaded bores 76 and an opening 78 whose function corresponds to
the threaded bores and openings of the previously described retaining rings.
Here, too, the bearing ring 74 extends radially further inwards than the carrier
ring 72 and thereby provides an inner space 84 which is substantially delimited
by the plastic material of the bearing ring 74 and is therefore gentle on the
semiconductor wafers accommodated therein. Here again the outer
circumference 80 of the retaining ring 70 is formed by the plastic material of
the bearing ring 74 and its collar 86 so that the material of the carrier ring 72
can be selected solely from the point of view of the required stability,

irrespective of whether it is sufficiently non-reactive to the chemical agents

used in the chemical mechanical polishing process. The collar 86 protects the




the entire circunference of the ring channel 82. On
pressing the carrier ring 72 into the ring channel 82
of the bearing ring 74, the detent connection 85
engages in the end position, i.e., the nose 87 snaps
into the conplenentary recess on the carrier ring 72
and thereby provides a safeguard agai nst detachnent,
on the one hand, and establishes a non- rotatable
connection between carrier ring 72 and bearpng ring 74,
on the other hand. Adequate non-rotational fixing is
usual Iy already achi eved by pressing the carrier ring
72 into the bearing ring 74, so that the detent
connection 85 nerely constitutes an additiona
I
O R T b eoRr s ey SRtk Bl these,
materialsein addltg)n?lhen:arher dngnt2 f pressed dntwea wear cheardhel 82, as
. replace it wth a.new In this cas
s §e38 sApp b it de@uBd S RHE st EidBire B, tleh opPrents 2
sedtfthal GRIW t&erd biGg/ihDRIRN® F?Qh ureesid Benildriigin/ Figepd 4C.
be fitted. Figures 5A to 5D show a further variant of a

retaining ring 90 according to the i nvention. The
Thé SRR AuSEAl0G n g GRTRE LGl @ sClldl g ol 0 2rariant

of yrecfetaaidhy rmgdbo,otvhittheuelothervdssémmnbe&r deggmtbgh%remémmg

_plastic material,_ in particular, of polyphenyl ene
””Stﬁ%f?%é'gu"@ﬁééﬁtopm Pl, PA, POV PET or of PBT in pure

or nodified form Agal n abr asi on-reduci ng and/ or
wear - reduci ng additives, for exanple, PTFE, polyim de,
A datenpbdementidinedb fcodeistiggafd nese Bdriweid mesilieady on the bearing
. N ticles or the |ike, nay be added to ove
ring ARG 1 Bspen vl airen g IR Eng Tl en G DA Ur el O the
carkéd rofg Vhes pesvated e tHenign® cirsuffer@tidn walhef tHeugieg channel
surfaces of carrier ring 92 and bearing ring 94 in
82 Atiagriaasfong tacabipe, but even better at regular angular intervals over

the entire circumference of the ring channel 82.

On pressing the carrier ring 72 into the ring channel 82 of the bearing ring 74,
the detent connection 85 engages in the end position, i.e., the nose 87 snaps
into the complementary recess on the carrier ring 72 and thereby provides a
safeguard against detachment, on the one hand, and establishes a non-
rotatable connection between carrier ring 72 and bearing ring 74, on the other
hand.

Adequate non-rotational fixing is usually already achieved by pressing the
carrier ring 72 into the bearing ring 74, so that the detent connection 85

merely constitutes an additional securing against rotation.



another. 411 Differently fromthe variants previously

presented, no recessed step is provided on the bearing

ring 94, but instead a radial surface 102 which is

| ocat ed opposite the carrier ring 92. This radia

surface 102 contains one or several, in the present

case five, concentric ring-shaped ribs 103 protruding

in axial direction fromthe radial surface 102. The

surface of the carrier ring 92 which is coppl-enentary

to the radial surface 102 has correspondi ng concentric

undercuts 104 for receiving the ribs 103. -23 The ribs

103 are preferably incorporated in the undercuts 104 by

a shrinking- on or shrinking-in process. Either the

HeP@tlﬁ'o' itCis"BsSH @ ko Qs @ettH tH béarisg 9%9' ?4 fidrh the carrier
heated so that the undercuts 104 expand, -the bearing

ring |7r?glr19tba/\ﬂ¢nn mfsexqelsswemean and imeplage awithom nemebearing ring

and the ri
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catiReeif 72 edokd aﬁievaﬁéarlhﬁﬁﬂr@f)w't@hcbé Aetedi bs 103 with
a positive and frictional connection. O the plastic

mat eri al can be cool ed down and the ribs 103 inserted
PP O e o ohoLan e LA BB AE ) ¥Eefitg o the
inventign9ZThamrétaihindoag i99gisraamgp¥gied of tardasrmlanngrﬁz ahdraebearing

th ositjve ang_frictjonal necti on oyi des . a
ring % A e CATRE g 9248 PERI BiTer e el RE Sisel, el the
beéﬁlﬁé |?'FHg QW%Vﬁ%tlé‘%E&@ﬁ‘ém ih rba‘rh@ulEFe(W ﬁél%ph&ﬁi’/lbﬁ@%%lf de,

for” exanpl e, by provision of further securing neans
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polirgitdes rhdlybaeduft disulfide, graphite, boron nitride, nanoparticles or the

like, may be added to improve the tribological properties.

Here the outer circumference 100 of the retaining ring 90 is formed by the
outer surfaces of carrier ring 92 and bearing ring 94 in alignment with one

another.

Differently from the variants previously presented, no recessed step is
provided on the bearing ring 94, but instead a radial surface 102 which is
located opposite the carrier ring 92. This radial surface 102 contains one or
several, in the present case five, concentric ring-shaped ribs 103 protruding in
axial direction from the radial surface 102. The surface of the carrier ring 92
which is complementary to the radial surface 102 has corresponding concentric

undercuts 104 for receiving the ribs 103.



the detailed illustration of Figure 5C. Figures 6A to

6D show a further variant of the retaining ring 110

according to the invention with a carrier ring 112 and

a bearing ring 114. The special feature of this

enbodi nent is that the carrier ring 112 is segnented,

i.e., no longer of integral design, as was the case

with the previously discussed retaining rings 10, 30,

50, 70 and 90. -24 The bearing ring 114 haspgn its

outer circunference a radially recessed step 116

having on its radially outer circunferential wall a

ring groove 118 extending radially inwardly. The

carrier ring 112 has at its end facing the bearing

| . .| C . . _

T8, 104 oF BROfCTabl DB a PR RO Qe L1004 e shrinking
on loeagtirindimg vy ptdcessh Eithas skeaihetadic mateslofmibegcariieg ring 92 is
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Figure 6C. Finally, Figure 6D shows the segnentation
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agar n reade es e carrier ring
. plagtin rhatesial eande tooltdelgw Babithg riggphd Atinsereec imoahieded
in the carrier ring segnents 122. An opening 126 on
undgeeutp 38 si de of the carrier ring 112 again ensures a
correct assenbly position for the retaining ring on
the polishing apparatus. In this variant, separation
In dihistvaay capesigiverangyfrickonial connéedtidrecan ibg miadg betweesp the

articul.arl i mple,. and, aln.. no further preparation
caf i SR e Beiind e SR Buis et bear g i ng
114 to the carrier ring 112. Figures 7A to 7D show a
further variant of a retaining ring 130 according to
Here, too, the positive and frictional connection provides a safeguard against
rotation, which can, however, be further improved, as shown in the previous

variants, for example, by provision of further securing means against rotation.

The design of the retaining ring 90 is apparent, in particular, from Figure 5B,
. which represents a sectional view taken along line A-A of Figure 5A, and from

the detailed illustration of Figure 5C.

Figures 6A to 6D show a further variant of the retaining ring 110 according to

the invention with a carrier ring 112 and a bearing ring 114.

The specia! feature of this embodiment is that the carrier ring 112 is
segmented, i.e., no longer of integral design, as was the case with the

previously discussed retaining rings 10, 30, 50, 70 and 90.



the invention with a carrier ring 132 and a bearing
ring 134. In this variant, the concept of segnentation
of the carrier ring 132, as already realized in the
enbodi nent of Figures 6A to 6D, is further devel oped,
and a total of 12 segnents 133 are present herein
(cf., in particular, the spatial illustration in
Figure 7D together with the carrier ring 132). -25 0 0
The bearing ring 134 is of integral design agd has on
its outer circunference 136 a slot 137 extendi ng
around the circunference (cf. sectional view taken
along line A-A of Figure 7A as shown in Figure 7B) and
on the side pointing towards the polishing apparatus,
Th?té)era‘?ﬂigl ﬁﬁd? IRGY R oh MsCENBF LircORFBreH R a FhdigIly TBE&E&BSstep
8 extending fromthe outer circuntference and 1 n axi al
116€ihaaing on its ;ahaltis outer pulunsierentizippall atnirsg gTdeve ail8i er

i ng segmepts 133 ., copsist _of a fl e portion 139. whjch
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be8Hh§ 3Ry PO4 Bt ﬂd&%ltgyoi\fméialﬁ pRjetihd ABhHE 1ZWPAhaRhUS prebged into

flange ‘portion 139 carries a threaded bushing 140
thewringroreayadds ehkhesberring kogr Bt yden asengpling the egteinigg ring
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Upon inserting the flange portions 139 into the ring
6Cs| ot 137 on the outer circunference 136 of the beari ng
ring 134, the flange portions 139 are pressed in so
that these are held with a press fit in the bearing
Finallwg Fipsue 60 skewsithg segaerdationtadithecargentingehladlinto two

seifijgriliin fyott 1 72 aHET ERberdes i s GRARE ARIFLIAT®

Here again threaded bores 124 via which the carrier ring 112 can be screwed
to the polishing apparatus are provided in the carrier ring segments 122, An
opening 126 on the upper side of the carrier ring 112 again ensures a correct

assembly position for the retaining ring on the polishing apparatus.

In this variant, separation of the carrier ring 112 from the bearing ring 114 is
particularly simple, and, again, no further preparation work is required before

connecting a new bearing ring 114 to the carrier ring 112.

Figures 7A to 7D show a further variant of a retaining ring 130 according to

the invention with a carrier ring 132 and a bearing ring 134.

In this variant, the concept of segmentation of the carrier ring 132, as already
realized in the embodiment of Figures 6A to 6D, is further developed, and a
total of 12 segments 133 are present herein (cf., in particular, the spatial

illustration in Figure 7D together with the carrier ring 132).



nmeasures for preventing rotation are necessary here. In

this case, to ensure a specific positioning of the

retaining ring 130 in the polishing apparatus, the

bearing ring 134 has an opening 142 in which a

projection on the polishing apparatus (not shown)

engages and thereby effects a definite positioning of

the retaining ring 130 in the polishing apparatus. A

further variant of a retaining ring 150 accpgding to

the invention with a segnented carrier ring 152 is

shown in Figures 8A to 8D. -26 Again the bearing ring

154 has in the area of a step 156 a ring groove 158

opening radially outwardly, while the carrier ring 152,
Th(‘é"‘H Pln'gsnr‘i@qg4q9 o‘?flntre'tg?gi % grﬁr%'ﬁhshéléém |ﬁ§a6dﬂe?%lr%hrﬁfte§ence
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2 are incorporated in the Ting segnents 153, and a
recespeed g8rrntAgdiegdinpythel sutarsinqureiarerce andan aial divection

tod & &%%géﬁ}%?%,a@tggres 9A to 9D show a further

vari ant ning ring 170 according to the
invention with an integral carrier ring 172 and an

i ntegral bearin 174. this varijant
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of ring segnents. This neans that

Upon inserting the flange portions 139 into the ring slot 137 on the outer
circumference 136 of the bearing ring 134, the flange portions 139 are pressed

in so that these are held with a press fit in the bearing ring 134.

A securing against rotation is achieved automatically by engagement of the
threaded bushings 140 in the slot-like recesses 138 so that no further

measures for preventing rotation are necessary here.

In this case, to ensure a specific positioning of the retaining ring 130 in the
polishing apparatus, the bearing ring 134 has an opening 142 in which a
projection on the polishing apparatus (not shown) engages and thereby effects

a definite positioning of the retaining ring 130 in the polishing apparatus.

A further variant of a retaining ring 150 according to the invention with a

segmented carrier ring 152 is shown in Figures 8A to 8D.



the rib 180 does not have to be provided throughout the
entire range of 360, but can also be forned in
sections only. This rib 180 has on its inner, axially
parallel wall an internal threaded section wth which
the bearing ring 174 can be screwed to the carrier ring
172. -27 In this way, too, carrier ring 172 and bearing
ring 174 can be joined with a positive and frictiona
connection, and, as a rule, a rotationally 2¢xed
connection can al so be achi eved by appropriate choice
of the force or torque wth which the threaded
connection is tightened at the end. The rotationally
fi xed connection between carrier ring 172 and bearing
Againneltdarid ringS5 P Ras atlthé apeabF ¥ stepUrsla Mihg §asvid 198
to securing neans such as those described in
opeiRp uadiallyreuimeidly, gthile Be cargier ming hp2awdirhvisrregdegp of ring
g alell i | :
sediofnfL 3305l AR LG IR GO LI AL 5o Wigoge
segheheflangdointingeadially ravaqity.i Bhitefiappatatd)thisAing segment
opening 184 for engagenent with a correspondin
ﬂa'bé)%jlégt‘?r&?gﬁﬁ tf‘ﬁé’“'gﬁlygr%‘?ﬂ%b%ﬁ&é‘r'étﬁf§sé%fglmt@{ ur es
correct orientation of the retaining ring when being
fitted on the polishing apparatus. Figure 9E shows a
Diffarently fedmi thieusriaxti shwvof inFigureh A tel2] tpnthmeadedtbivres

mbodi ment aqf SFi res 9A to 9D. n_this retaini ri ng.
165 38 M Phrdeclindeng SedfeBl 150 b e b didifo 'Sp¥ing
164 G$ BMefliset foreRebpthefingaedreentiskesg.se the case with

the retaining ring 170 of Figures 9A to D. Differently

fromthe retaining ring 170, however, in the retaining

Figh}é‘eQQA]tEOéD%if EQ%&hEﬁv&HSnPBF LIk ihir@griﬂr 47004 dtding to
ri ng groove 7 i'Ch Ras Screw threads funni ng in
the imyesntion wihith ect inbegriah chotidr nisgliLAR| and padetkgsaldeeavitid sing 174.

ich  are_aligned in allel with the axis of
In ]{\%is é’tair@HE'o'fhet * rlﬁrrﬂf_g Q-?? ds Rﬁ%ﬂane? H‘é{%h @r@ncentrlc ring groove
176 with a substantially axially parallel wall 178, which is most clearly
apparent from the sectional view in Figure 9B (sectional illustration taken

along line A-A of Figure 9A) and from the detailed illustration in Figure 9C.
A threaded section 179 is machined in the axially parallel wall 178.

The bearing ring 174 has on its side pointing towards the carrier ring side a
ring-shaped rib 180 which may also consist of ring segments. This means that
the rib 180 does not have to be provided throughout the entire range of 360°,

but can also be formed in sections only.

This rib 180 has on its inner, axially parallel wall an internal threaded section

with which the bearing ring 174 can be screwed to the carrier ring 172.



threads run in radial alignment, with a common thread
start 181', 182' in radial direction and the sane
thread pitch. Correspondingly thereto, the bearing
ring 174" has a ring collar 180" which is of
conpl enmentary design to the ring groove 176" and has
screw threads 175', 177' running in the sane direction
on its outer and inner side walls. Figure 9F shows this
in a sectional viewtaken on |ine A-A of Fpgure 9E.
-28 Thi s enbodi nment offers an even better stabilizing
connection between carrier ring 172" and bearing ring
174" than is the case with the retaining ring 170. In
particular, the bearing ring 174" is held on the
f n [
In $855 wa% atlbﬁs gar e[?r nhg 19 274 séar.ﬁﬁgmrg:ﬂgﬁfahg@]&(ggéa%th a
posugvee&nﬂﬁrd:tlagal nsnnedios, iand, asia hulehe rotatidmalyr fixed 174"
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ot car o Be hafelked byl afitobfete ctich 1RSI fopch B Ffue
withf whit® theghrbsded thansditih Rf tigheneardt thle hd\JTHe' Potationally
facing away fromthe bearlnqarln 174" . The securin
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e’ screw cohnécti o ween-carrier ring an
commictiog witinigusec3D.a securing neans may al so be used,
for exanple, in the enbodi nent of Figures 9A to D.

Figures 10A to 10F show a further variant of a

AghRY, dhPédted b&@s1HE> arC aFdindedit re‘gﬁ@ar‘ g?.!’léif fitervdls on the
whi'ch the positive and frictional —connec bet ween a
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Figure 9E shows a sectional illustration of a further development of the

embodiment of Figures 9A to 9D.

In this retaining ring 170°, carrier ring 172' and bearing ring 174" are screwed
to each other, as is likewise the case with the retaining ring 170 of Figures 9A
to D. Differently from the retaining ring 170, however, in the retaining ring
170' of Figure 9E the carrier ring 172' has a ring groove 176" which has screw
threads running in the same direction in both radially spaced side walls, which
are aligned in parallel with the axis of rotation of the ring. This means that the
threads run in radial alignment, with a common thread start 181', 182' in
radial direction and the same thread pitch. Correspondingly thereto, the
bearing ring 174' has a ring collar 180' which is of complementary design to
the ring groove 176' and has screw threads 175', 177' running in the same
direction on its outer and inner side walls. Figure 9F shows this in a sectional

view taken on line A-A of Figure 9E.



parall el surface a threaded section with which it can

be screwed to the bearing ring 194. Here again a

positive and frictional connection between the carrier

ring 192 and the bearing ring 194 can be established by

the screw connection, and, as a rule, this connection

is adequately fixed against rotation. -29 To achieve

addi ti onal securing against rotation, either flowable,

curable material can be introduced into repgsses, as

shown in Figure 3D, and cured after assenbly has been

conpleted, or, as shown in the variants of Figures 10D

and 10E, rotation of bearing ring 194 in relation to

carrier ring 192 can be prevented by a securing pin or
T 085, £ P ikl a8 SR SN carrier
ringaldi 2lardi besrinoningt i ubhntib¢he apse evithr thyy rdtf@hingding 170.

engage the bearing ring 194. An alternative variant for

this kind of securing is shown in Figure 10E, where a
In pafticuI8g thel Beatiiy HRgi1vaeid REld on aé @blvePang!12&! in a manner

arrangenment into a bore which is jointly fornmed by a
seewredaarbsuiahly weall @gainstitifgng 920meAts recess on the

bearing ring 194. Threaded bores 206 are again arranged

on the carrier ring 192 to enable attachnment of
Theetgininggring rlg’01m)s¢wrteUeagM|§tahEg:lgorapf'mhﬁha&aeaﬂmg ring 174’

openj ng 208 ensures cqJlect assenbly of the retainin )
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Figures 10A to 10F show a further variant of a retaining ring 190 according to
the invention, in which the positive and frictional connection between a carrier
ring 192 and a bearing ring 194 is also made by a screw connection. The
carrier ring 192 is accommodated in a step 198 set back from the outer
circumference 196 and having an axially parallel wall 199 with a threaded
section 200 integrated therein. The carrier ring 192 also has on its inner axially
parallel surface a threaded section with which it can be screwed to the bearing
ring 194. Here again a positive and frictional connection between the carrier
ring 192 and the bearing ring 194 can be established by the screw connection,

and, as a rule, this connection is adequately fixed against rotation.



with two substantially parallel surfaces opposite one
anot her, and one or several, in the present case
three, concentric ring channels 221, 222, 223 are
machined in the surface of the carrier ring 212 (cf.
enl arged detailed illustration in Figure 11C).
Arranged adjacent to the radially outer areas of the
carrier ring 212, in the shape of rings and
concentrically are grooves 224, 225 -30 i wgch receive
sealing elenments 226, 227. The ring channels 221, 222,
223 are in flow connection with one another (not shown
in detail). At at |east one location, the carrier ring
212 has a radial bore 228 which neets an axial bore
To%’%ﬂlév%aé’ddﬁﬁoﬁépﬁé&ﬁ\gséﬁélﬁ%rdlﬁtlbﬁee%éf FISGvablenQ:u%BIe
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macﬁﬁeabttart he iniregucerdintel recesses, 235 n EBEIQUAe @i eured
t i al I 3 d /
anEE BB FEE et Brifteidt of RSBy Ve slpures
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carrier ring 212, a vacuum can be a plled via_the
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creat In the ring channels, the earlngr|ng can
throligh the cardadiring 122 dndrendagectner bearing ngg2t. The pl ug

232 can then be screwed further into the bore 230 so

that the radial bore 228 is closed. The vacuumis thus

AnnBtdihatitedariant fer tHio girkhanseduirid? ik shddn iR BRguiet ioRtwhere a
need for further evacuation via the radial bore
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198f otehneabrleeta%tachﬂﬂgenrtlor}grega:lli%ng ring 190 to the polishing apparatus.

An opening 208 ensures correct assembly of the retaining ring 190 on the

polishing apparatus.

Finally, Figures 11A to 11D show a further variant of a retaining ring 210
according to the invention, which is formed by a carrier ring 212 and a bearing
ring 214. The carrier ring again has threaded bores 216 arranged at regular
angular intervals on its surface pointing towards the polishing apparatus and
an opening 218 for ensuring correct positioning of the retaining ring 210 on
the polishing apparatus. Here the carrier ring 212 and the bearing ring 214 lie
with two substantially parallel surfaces opposite one another, and one or
several, in the present case three, concentric ring channels 221, 222, 223

are machined in the surface of the carrier ring 212 (cf. enlarged detailed

illustration in Figure 11C). Arranged adjacent to the radially cuter areas of the

carrier ring 212, in the shape of rings and concentrically are grooves 224, 225




When exchangi ng the worn bearing ring 214, the plug 232
then only has to screwed out until aeration of the
ring channels 221, 222, 223 is possible via the radia
bore 228. The bearing ring 214 can then be renoved from
the «carrier ring 212 without applying force, and a new
bearing ring 214 can be fitted to the carrier ring 212
in the previously described manner. -31 PATENT CLAI VS
1. Retaining ring to be fitted on a cheni caggnmechani ca
pol i shing apparatus for sem conductor wafers,
conprising: O a carrier ring made of a first materi al
and having fitting elements for fitting the carrier
ring on the polishing apparatus; and a bearing ring

whitR{ecBlv Rl elenfBHE228, 370 T AAGRA2RABRIIT, 52 1923 are
on the carrier ring, the bearing ring resting wi'th d

in flow sionheotion syitte ooa anotert (rsdti stppveuind detaif t he
pol i shing apparatus and being held on its side axially
opposed to the first front side rel easably,

At BPledseloreabbitiond tHe GarriePFing Y €2 #ad/Dradisl K&/0PR2E which meets
connection and w thout adhesive on the carrier ring;

an exéal fhore t23taleading freav theysarface ké the icgrier King RA? fageg away
. . - . i | niong
roph B bRl SHERAR il A RSP RSB nd s AL 310 22 o
228he rel easable, non-rotatable, positive and/or
frictional connection of bearing ring and carrier ring
is made in the area of an outer «circunferenti al

A pidg 2a2ec bk Rerdféd imtd tHeNskiar Bdre 230 and initially held in an only
slightly screwed-in state in the bore 230. Once the bearing ring 214 is joined
to the carrier ring 212, a vacuum can be applied via the radial bore 228 and
the volume of the ring channels 221, 222, 223 thereby evacuated. Owing to
the vacuum created in the ring channels, the bearing ring 214 can then be
readily held on the carrier ring 212. The plug 232 can then be screwed further
into the bore 230 so that the radial bore 228 is closed. The vacuum is thus
maintained in the ring channels 221, 222, 223 without any need for further

evacuation via the radial bore 228.

This provides a very simple, releasable connection between the carrier ring
212 and the bearing ring 214, which with a frictional connection ensures a

rotationally fixed connection between these two parts of the retaining ring 210.

When exchanging the worn bearing ring 214, the plug 232 then only has to
screwed out until aeration of the ring channels 221, 222, 223 is possible via
the radial bore 228. The bearing ring 214 can then be removed from the
carrier ring 212 without applying force, and a new bearing ring 214 can be

fitted to the carrier ring 212 in the previously described manner.



0O 0 3. Retaining ring in accordance with Claim?2
characterized in that the bearing ring has adjacent to
the side of the carrier ring a step set back fromthe
circunference and follow ng the circunference for
receiving the carrier ring, and in that the outer
circunferential surface for establishing the positive
and/or frictional connection is a circunferentia
surface of the step. 4. Retaining ring in_aggordance
with Claim3, characterized in that the carrier ring
wWth its outer circunferential surface is substantially
in alignnent with the outer circunferential surface of
the bearing ring. 5. Retaining ring in accordance wth
Claim 3, characteri zedpAVENTOELARMS Pearing ring has a
fl ange extendi ng around the circunference, projecting
radially outwardly and enl argi ng the bearing surface of
the front side of this ring. 6. Retaining ring in
accordance with any one of the preceding clains,
characterized in that in the joined state, the bearing

ring and the carrier ring Iie surface-to-surface
- agai RERIRAG riMDINEE ﬁtﬁe%p@oﬁeﬁaew%dnemﬂm%@%léhmgons

and ‘Fﬂpgr%%s H]-esé?ﬁ%hﬂﬂc{drrwdl%'ﬁg EJ‘rﬁgﬁ%g[ er ring have

conpl'ementary proj ections and recess r centering
the bearing ring and the carrier rlng 7. Retai ning

I ng_in_accardanc A aim6, characterized ip that
! hea CAFRSANgaRTse L o i haalir o P dvi i g elhearRisgor
ri ngfittirRy & ERFRT g §Hrtﬁé%llgﬁmgn§;§pé}ﬁ%§i%d1er have a
radi al orientation. -
a bearing ring made of a plastic material and arranged concentrically
on the carrier ring, the bearing ring resting with a first front side on a
polishing surface of the polishing apparatus and being held on its side
axially opposed to the first front side releasably, non-rotatably, with a
positive and/or frictional connection and without adhesive on the

carrier ring;

the first material having a higher rigidity than the plastic material of

the bearing ring.

Retaining ring in accordance with Claim 1, characterized in that the
releasable, non-rotatable, positive and/or frictional connection of
bearing ring and carrier ring is made in the area of an outer

circumferential surface of the bearing ring.



0 8. Retaining ring in accordance with Claim6 or 7,

characterized in that the conplenentary projections

and recesses of bearing ring and carrier ring are

; arranged on the surface portions on which carrier ring
and bearing ring |ie against one another. 9. Retaining
ring in accordance with Claim@8, characterized in that
the projections and recesses of bearing ring and
carrier ring are connectable with a press 3pt- 10.
Retaining ring in accordance with Caim1l or 6,
characterized in that the bearing ring has on its
outer circunference a circunferential collar pointing
in axial direction away fromthe first front side,

3. | Yi nge@fRinGStng IM8cQrdahce it TRRED! ERdrastd i ReRirOfhat tRe

carrier ring and covering the carrier ring over
subskeatinarring haradiacenkte tine side ohtheeedrrier rinRatséepisat back

rin gfr'gﬂ'l AGE O ARRES CE L ﬂ)ill%g glgg rcgg; ﬁf%rﬁe%%g'rﬁa 5&'??%{ §ing

t he arrier ring has on 1ts sur

t he treacam@ririnyg ahd in atghedkehatiit férehitiias barfacalfby

axially parallel wall with a threaded section thereon,

and eftebiginptherRasitivrmand/en frictignakcepnedtion isghosed t o

the Eik&.ﬁhfér%ﬂpﬁl §d:r¢§ce°??tr‘i’és yeral projections .

arranged conplenentarily to the ring groove and havi ng
. a threaded section of conplenmentary design to the

th ded ti f t i all I 1.el ! . th

4. or o009 184 I AFeeRnRS T WERT dutberatfaieed i thot the
char ggirRiri iRl wiith it 8titdr@rcurRFeBH IO AFe shRIbSBEAtIAlY in
ring has two axially parallel side walls spaced from

eac habameent withatheapul@r idicuimferential g taset ofrtbgdeearing ring.

running in the sane direction are machined, and in

that the projection or projections of the bearing ring
5. has Betdiaing ring dadecbrelaote avith QfaicoBptlesmiaterized in that the

bearing ring has a flange extending around the circumference,
projecting radially outwardly and enlarging the bearing surface of the
front side of this ring.

6. Retaining ring in accordance with any one of the preceding claims,

. characterized in that in the joined state, the bearing ring and the
carrier ring lie surface-to-surface against one another in predetermined
surface portions, and in that the bearing ring and the carrier ring have
complementary projections and recesses for centering the bearing ring

and the carrier ring.

7. Retaining ring in accordance with Claim 6, characterized in that the
surface portions in which carrier ring and bearing ring lie surface-to-

surface against one another have a radial orientation.




design to the threads running in the sane direction.
-34 13. Retaining ring in accordance with any one of
the preceding clainms, characterized in that bearing
ring and carrier ring are provided with cooperating
detent neans which, when the rings are in the fitted
state, forma detent connection and secure the rings
against axially acting forces in the fitted state.
14. Retaining ring in accordance with C ai.ng33,
characterized in that the detent connection iIs designed
as securing neans against rotation. 0 15. Retaining
ring in accordance with Caim1, characterized in that
the carrier ring and the bearing ring have surface

8. POT L RefkiniAk riﬁé"‘fﬁﬁb@f@rﬂ%ﬁ&é’ wigs cin'6 ld? Wﬁ?a&ﬂé?&sﬁgﬁ that

agai nst oné another 1n the fitted state, and I n
t he the teweleoeniaryprofactiopsgrettecesseantibeadgoesiusand carrier

conpl.enmentary desjgn.for jQining the rings by a .

hr | R e el i chfiswEfdsh mfubBssn Wk Berring and
ri ngbémﬁgemgdﬁmggawsg Bn@!@idﬂhém char acteri zed in that
the bearing ring has on its circunferential surface a

ring groove opening radially outwardly, and in that
t he Ler ] [ ; a [ .
91 not EaHRg findh abcRARcURIM CRANFELng (ediaRERTRlt e
. desi projectioineand ngcessesw tavattirandngrangeseetialr ring areng
sections vvhgjch age rovided for fitting the carrier
ri ngcUeallsoritad ngsé Baratus in axial direction

fromthe side facing away fromthe bearing surface of
the bearing ring. 17. Retaining ring in accordance
10w t hRetainimg1ng dhacedance avth Rlaimal arHe characterized in that

the bearing ring has on its outer circumference a circumferential collar
pointing in axial direction away from the first front side, lying against
the outer circumferential surface of the carrier ring and covering the

carrier ring over substantially the entire surface thereof.

11. Retaining ring in accordance with Claim 1, characterized in that the
carrier ring has on its surface portion contacting the bearing ring a
. ring groove having a substantiaily axially parallel wall with a threaded
section thereon, and the bearing ring has on its side axially opposed to
the first front side one or several projections arranged complementarily
to the ring groove and having a threaded section of complementary

design to the threaded section of the axially parallel wall of the groove.

12. Retaining ring in accordance with Claim 11, characterized in that the
ring groove of the carrier ring has two axially paralle! side walls spaced
from each other in radial direction, in which threads running in the
same direction are machined, and in that the projection or projections
of the bearing ring has or have threaded sections of complementary

design to the threads running in the same direction.
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fitting sections conprise elenments projecting axially
fromthe flange portions. -35 0 9 18. Retaining ring
in accordance with Claim17, characterized in that the
groove has in its groove wall facing axially away from
the bearing surface of the bearing ring recesses in
which the elenments of the fitting sections are
engageabl e radially fromthe outside. 19. Retaining
ring in accordance with Caim1, characterizgd in that
the bearing ring and the carrier ring have

conpl enmentary surfaces which in the fitted state are
in alignment with one another and form between them a
ring channel which is sealed off by ring-shaped sealing
el enpaétainin@dnehd th bBdrdaRee GAtH bRY didef fRSpRecelRrBlafins,
openi ng acCessible fromthe outside and |leadingnto

t he ehargcteriaaskin that beasingaineandfcarrier ringrayecpravidgd with

coveP PRt dosP ks WRRAT RS, AAs BRE 18 o peg st

t he figay ardgetenhgoanectidreanaiset@re tHgnhawgairdn aXiallyed&ing
one surface portion on which these rings |ie against

one foIR®E HeEhe MiEeHi $9t8-0r med by recesses in both the
surface of the bearing ring and the surface of the
carrier ring and fillable with a curable material. 21.

14Ret aRataigingi nixg im aaceuadaasstwiCldimahy, omneracterGiend msthhbt the

15.

16.

17.

10 e S 0T ek B AU B b e
anot her by a bolt engagi ng

Retaining ring in accordance with Claim 1, characterized in that

the carrier ring and the bearing ring have surface portions of
complementary design with which they lie against one another in the
fitted state, and in that the surface portions have projections and
recesses of complementary design for joining the rings by a shrinking-

in or shrinking-on process.

Retaining ring in accordance with Claim 1, characterized in that the
bearing ring has on its circumferential surface a ring groove opening
radially outwardly, and in that the carrier ring is made up of several
ring segments including a flange portion of essentially complementary
design to the ring groove and one or several fitting sections which are
provided for fitting the carrier ring on the polishing apparatus in axial
direction from the side facing away from the bearing surface of the

bearing ring.

Retaining ring in accordance with Claim 16, characterized in that the
fitting sections comprise elements projecting axially from the flange

portions.



recesses on both the bearing ring and the carrier ring.
22. Retaining ring in accordance with Caim 21
characterized in that the bolt is a threaded bolt, and
in that the recess has an internal threaded section
conplenentary to the outer thread of the threaded bolt.
-36 23. Retaining ring in accordance with Caim 21 or
22, characterized in that the bolt is insertable in
axial or radial direction into the recess.. 34.-
Retaining ring in accordance with any one or several of
the preceding clains, characterized in that the
plastic material is a thernoplastic material, a
thernosetting plastic material, an el astoner and/or a

18P! 2SREGARGHAR i) SBcor@BncESiiel Bt 17 DehdrASSAISIANG L the
Claim 4 characterized in that t e plastlc

rrat egrcmveu hasin ié$ groevewallifacingraxislly away from the bearing

I oBUBTRaRE R PeARbl T oo SEpES kT Wondy s ey thdheing

t hat se@lynasdrened@sbeaiblg radidlip froMe ahe rrdsideng addi tives
are adm xed with the plastic material. 27. Retaining

ring in accordance with any one or several of the

19PTeCRQ£d?Hingeir3%ﬂfF E&]%%ﬁ‘&&%tr?%ﬂa h-Pl ﬁ%ra‘t‘f@rﬁ%ﬁf &t the

ring s nm san W C east tvvo ayers
. or cbegame mning. and the carrier ring have complementary surfaces which in

the fitted state are in alignment with one another and form between
them a ring channel which is sealed off by ring-shaped sealing
elements, and in that the carrier ring has a closable opening accessible
from the outside and leading into the ring channel for evacuation of the

ring channel.

20, Retaining ring in accordance with any one or several of the preceding
claims, characterized in that the bearing ring and the carrier ring have
on at least one surface portion on which these rings lie against one
another a cavity formed by recesses in both the surface of the bearing

. ring and the surface of the carrier ring and fillable with a curable

material.

21. Retaining ring in accordance with any one of Claims 1 to 19,
characterized in that the bearing ring and the carrier ring are
rotationally fixedly connected to one another by a bolt engaging

recesses on both the bearing ring and the carrier ring.

22. Retaining ring in accordance with Claim 21, characterized in that the
bolt is a threaded bolt, and in that the recess has an internal threaded

section complementary to the outer thread of the threaded bolt.




23.

24.

25.

26.

27.

- 36 -

Retaining ring in accordance with Claim 21 or 22, characterized in that

the bolt is insertable in axial or radial direction into the recess.

Retaining ring in accordance with any one or several of the preceding
claims, characterized in that the plastic material is a thermoplastic
material, a thermosetting plastic material, an elastomer and/or a

plastic compeosition.

Retaining ring in accordance with Claim 24, characterized in that the
plastic material is a reinforced, in particular a fiber-reinforced, plastic

material.

Retaining ring in accordance with Claim 24 or 25, characterized in that
abrasion-reducing and/or wear-reducing additives are admixed with

the plastic material.

Retaining ring in accordance with any one or several of the preceding
claims, characterized in that the bearing ring is made up like a

sandwich of at least two layers or components.



