
RETAINING RING FOR HOLDING SEMICONDUCTOR WAFERS IN A
CHEMICAL MECHANICAL POLISHING APPARATUS The invention
relates to a retaining ring for holding semiconductor
wafers in a   chemical mechanical polishing apparatus
such as described, for example, in  U.S. patent No.
6,251,215. Nowadays, integrated circuits are typically
formed on semiconductor  substrates, particularly
silicon wafers, by the sequential deposition of
conductive, semiconductive and insulative layers on the
wafer. After deposition of each layer, etching is
performed to create 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. -2 A recurring problem in
the CMP process is the so-called edge effect, i.e., the
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 removal of too much material from
the edge, particularly at the  outermost 5 to 10 mm of
a wafer of 200 mm in diameter.  Over-polishing reduces
the overall flatness of the substrate and makes 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 made of two
portions, with one portion being made of a rigid
material,  namely a metal portion, and a second portion
of a plastic material, which 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.
Alternatively, it is suggested that the two portions be
joined together with a  press fit. In practice, both
solutions prove to be inadequate. -3 



While the plastic portion is held securely on the metal
portion when the two  portions are bonded with epoxy
adhesive, the reconditioning of the retaining  ring
after the plastic portion has been subjected to a
certain amount of  abrasion presents problems. The
current practice is to send the complete  retaining
rings to the manufacturer where the plastic portion is
mechanically  removed and the metal portion is then
heated up to approximately 200 C to . thermally
decompose the adhesive residues thereon. Subsequently,
the metal  portion has to be sandblasted in order to
remove final residues of the  adhesive, and only then
can a new plastic ring be adhesively attached thereto.
Owing to this time-consuming and costly procedure, the
retaining rings as  such become very expensive. In
addition, the metal portions, which are more  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 present invention
is to propose a retaining ring which  obviates the
above-mentioned problems. This object is accomplished
in accordance with the invention in that the  



retaining ring is of integral design and is made of a
plastic material, -4 and the retaining ring forms on a
first front side thereof a bearing surface for
supporting the retaining ring on a polishing surface of
the polishing apparatus,  and includes on the side
thereof lying opposite the first front side thereof in
axial direction fitting elements for fitting the
retaining ring on the polishing  apparatus. . The
inventive construction of the retaining ring permits
cost-effective  manufacture thereof, and the retaining
ring can, therefore, be disposed of in  its entirety
after excessive wear. 0 In order to impart sufficient
stability to the retaining ring, which ensures that
the retaining ring will not undergo deformation in its
geometry during the  polishing process and thereby
cause uneven removal of material from the
semiconductor wafer, the plastic material is selected
on the basis of its  mechanical properties. The
retaining ring is preferably made up like a sandwich of
at least two layers  or components. The plastic
material may, for example, include a thermoplastic
material, a  thermosetting plastic material, an
elastomer and/or a plastic composition. A considerably
larger range of plastic materials is available when the
plastic  material is used in reinforced, in particular
in fiber-reinforced, form. 



-5 It is then desirable for the plastic material to
exhibit adjacent to its first front  side, i.e., the
side forming the bearing surface for supporting the
retaining ring  on a polishing surface of the polishing
apparatus, no reinforcement materials  or a lower
content of reinforcement materials than on its side
including the  fitting elements.  This results in a
partial area of increased mechanical stability, which
stabilizes  the retaining ring overall in its geometry,
in the area held on the polishing  apparatus. On the
side on which the abrasive wear occurs, the retaining
ring  then exhibits lower stability and, in particular,
is less hard, so that contact  between the
semiconductor wafers to be treated and the plastic
material is  more gentle on the wafers. 0 In order to
reduce the wear and optimize 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 to the plastic material.
Finally, it is also conceivable for the reinforcement
materials to be limited to a  core area of the
retaining ring, in particular, the area in which the
fitting  elements are then also arranged. This imparts
the necessary rigidity and  geometrical integrity to
the retaining ring, also when one-sided loads occur,
while contact between the retaining ring and the wafer
will not cause any  



damage to the wafer as the wafer only comes into
contact with the softer  plastic materials. -6 0 An
alternative solution is for the retaining ring to
comprise a metal ring  embedded in the plastic material
and arranged concentrically in the retaining  ring. The
metal ring then provides the retaining ring with the
necessary rigidity  and geometrical integrity, while
the surrounding plastic material ensures that  the
semiconductor wafer to be treated will not be subjected
to any mechanical  damage. The fitting elements will
then preferably be held on the metal ring, so that the
fitting elements, which, of course, serve to fit the
retaining ring on the  polishing apparatus, ensure that
the retaining ring will lie exactly on the  polishing
apparatus, and thereby additionally maintain the
geometrical  structure of the retaining ring. The metal
ring, which is surrounded by the plastic material, may
remain  uncovered, in particular, on the upper side,
i.e., on the side of the retaining  ring facing the
polishing apparatus, as there is no provision for
contact with  the wafer material here. Also, this side
of the retaining ring is scarcely or not . at all
exposed to the chemical agents of the chemical
mechanical polishing  process. It is, however,
preferable for the metal ring to be completely sheathed
by the  



plastic material, as a larger range of metallic
materials is then available for  manufacture of the
metal ring because the metallic material is completely
protected by the plastic material against chemical
attack by the agents used in  the chemical mechanical
polishing. -7 The simplest form of metal ring for
reinforcing the retaining ring is a sheet  metal ring.
This may, in particular, be perforated or generally
provided with  through-holes, so that a positive
connection is established between the plastic  material
and the metal ring by the plastic material passing
through the  through-holes.  As the rigidity of the
retaining ring, in particular, in axial direction, is
of great  importance, a sheet metal ring with a
substantially cylindrical shape, i.e., in  the form of
a cylinder wall, will preferably be used.
Alternatively, ring-shaped disks made of metal may also
be used, and a larger  thickness of the sheet metal
material may then be required. These and further
advantages of the present invention will be explained
in  more detail hereinbelow with reference to the
drawings, in which: Figures 1A to 1D show a first
embodiment of the present invention; and  Figures 2A to
2D show a further embodiment of the retaining ring
according  to the invention. Figures 1A to 1D show a
retaining ring 10 according to the invention, which is
made of a fiber-reinforced plastic material and has a
substantially rectangular  



cross section. Adjacent the outer circumference 12, the
retaining ring 10 has an axially  projecting
circumferential collar 14 in which threaded bushings 16
are  incorporated at regular angular intervals. The
threaded bushings 16 serve to  attach the retaining
ring to the chemical mechanical polishing apparatus. -8
The side of the retaining ring 10 opposite the collar
14 forms a bearing surface  18 with which the retaining
ring 10 rests on a polishing surface of the polishing
apparatus when the polishing apparatus is in operation.
Owing to the retaining ring 10 being cost-effectively
made of plastic, when the  bearing surface 18 is worn
the retaining ring 10 as a whole can be disposed of
unproblematically, and the problem of reusing parts of
the retaining ring 10 is  dispensed with. Figure 1B
shows the retaining ring 10 according to the invention
taken along  line A-A in Figure 1A. Figure 1C shows an
enlargement of a detail taken from  the sectional
representation of Figure 1B. Finally, Figure 1D again
shows a  perspective illustration of the retaining ring
10 according to the invention. The circumferential
collar 14 has on its surface pointing towards the
polishing  apparatus an opening 20 for engagement with
a complementary projection on  the polishing apparatus
in the fitted state, so as to facilitate correct
angular  orientation of the retaining ring 10 in
relation to the polishing apparatus and  enable
automatic alignment of the threaded bushings 16 with
corresponding  



through-holes on the polishing apparatus, through which
screw bolts extend. A further embodiment in the form of
a retaining ring 30 is shown in Figures 2A  to 2D. The
design of the retaining ring 30 differs from the design
of the  retaining ring 10, in particular, in that a
metal ring 32 is embedded in the  plastic material as
reinforcing element for the plastic material. The metal
ring  is arranged concentrically with the retaining
ring 30 and is made of a  perforated sheet material. -9
Therefore, when injecting the plastic material around
the metal ring 32, the  plastic material will pass
through the through-holes of the perforated material
and thereby anchor the metal ring 32 with a positive
connection in the  retaining ring 30. The retaining
ring 30 also has on its side facing the polishing
apparatus a collar   34 arranged adjacent to the outer
circumferential surface 36 of the retaining ring 30 and
projecting in axial direction. Threaded bushings 40 for
mounting  the retaining ring 30 on the polishing
apparatus are arranged at regular  angular intervals in
the area of the collar 34. To facilitate alignment of
the threaded bushings 40 with corresponding screw
bolts on the polishing apparatus, the collar 34 has an
opening 42 for  engagement with a projection on the
polishing apparatus, thereby to ensure  correct angular
assembly of the retaining ring 30. Owing to the use of
a metal ring 32 which is essentially completely
surrounded  



by the plastic material, the plastic material may be
selected from a wider  spectrum and, in particular,
optimally adapted to the requirements for  resistance
to the abrasion from the polishing surface of the
polishing  apparatus. The rigidity of the retaining
ring 30 is essentially guaranteed by the stability  and
the geometrical integrity of the metal ring 32 (annular
disk). - 10 The metal ring 32 may simultaneously serve
to carry the threaded bushings  40, and the metal ring
32 with the threaded bushings 40 can then be placed in
a prefabricated state in an injection molding tool and
embedded in plastic by  injection molding. Owing to the
fact that the metal ring 32 is essentially  completely
surrounded by the plastic material of the retaining
ring 30, the  metallic material from which the metal
ring 32 is made may also be selected  from a wide range
of materials, as there is scarcely any or no contact at
all is between the metal ring and the chemical agents
used for the chemical  mechanical polishing of the
semiconductor wafers. There is therefore no need  to
anticipate corrosion problems. 0 - 11  PATENT CLAIMS 0
1. Retaining ring for a chemical mechanical polishing
apparatus for  



semiconductor wafers, characterized in that the
retaining ring is of  integral design and is made of a
plastic material, and the retaining ring  forms on a
first front side thereof a bearing surface for
supporting the  retaining ring on a polishing surface
of the polishing apparatus, and  includes on the side
thereof lying opposite the first front side thereof in
axial direction fitting elements for fitting the
retaining ring on the  polishing apparatus. 2.
Retaining ring in accordance with Claim 1,
characterized in that the  retaining ring is made up
like a sandwich of at least two layers or  components.
3. Retaining ring in accordance with Claim 1 or 2,
characterized in that  the plastic material is a
thermoplastic material, a thermosetting plastic
material, an elastomer and/or a plastic composition. 4.
Retaining ring in accordance with Claim 1, 2 or 3,
characterized in that  the plastic material is a
reinforced, in particular fiber-reinforced, plastic
material. 5. Retaining ring in accordance with Claim 4,
characterized in that the  plastic material has a lower
content of reinforcement substances  adjacent to its
first front side than on its side including the fitting
elements. -12 0 



0 6. Retaining ring in accordance with any one of the
preceding claims,  characterized in that
abrasion-reducing and/or wear-reducing additives  are
admixed with the plastic material. 7. Retaining ring in
accordance with any one of Claims 1 to 6,
characterized in that the retaining ring comprises a
metal ring  embedded in the plastic material and
arranged concentrically in the  retaining ring. 8.
Retaining ring in accordance with Claim 7,
characterized in that the  fitting elements are held on
the metal ring. 9. Retaining ring in accordance with
Claim 7 or 8, characterized in that  the metal ring is
completely encased by the plastic material. 10.
Retaining ring in accordance with any one of Claims 7
to 9,  characterized in that the metal ring is a sheet
metal ring. 11. Retaining ring in accordance with Claim
10, characterized in that the  sheet metal ring is a
perforated sheet metal ring. 12. Retaining ring in
accordance with Claim 10 or 11, characterized in that
the sheet metal ring has a substantially cylindrical
shape. 13. Retaining ring in accordance with Claim 11
or 12, characterized in that  the sheet metal ring has
the shape of an annular disk. 


