
;xye3eB`pB]46TpBJ+24 April 2003 - 1  A SCALABLE MULTI-PAD DESIGN FOR
IMPROVED CMP PROCESS { 1 ) Field of the Invention. The invention relates to
the fabrication of Semiconductor Wafers, and more specifically to a method
of Chemical Mechanical Polishing (CMP) of very large semiconductor wafers
of the type used in the fabrication of Integrated Circuits. (2) Description
of the Prior Art. Integrated Circuits are conventionally fabricated from
semiconductor wafers, each wafer contains an array of individual integrated
circuit dies. It is of key importance that the wafer be polished to a
planar configuration at various stages of the wafer processing stages. This
requirement becomes increasingly more difficult to adhere to as the size of
the wafer increases. One of the most serious problems inherent in the CMP
process is non-uniformity of the polishing rate over the entire surface of
an object to be polished, e.g. a semiconductor wafer. A nonuniform rate of
polishing results in not a11 surf ace regions of the wafer being polished
equally which has a serious detrimental effect on the yield and reliability
of the produced semiconductor elements. It is therefore of paramount
importance to develop technology which permits further improving the
uniformity of the polishing rate over the entire surface of the wafer, a
requirement    24 April 2003 -2  which becomes even more important as the
size of the wafer increases. The present invention addresses the problems
of wafer polishing using Chemical Mechanical Planarization for very large
wafers. U.S Patent 5,S75,707 (Talieh et al.) leaches a polishing pad
cluster for polishing semiconductor wafers , the pads do not rotate. U.S.
Patent 5,230,184 (Bukhman) teaches a plurality of periodic polishing pads,
the pads do not rotate. ' U.S. Patent 5,664,989 (Nakata et al.) teaches
polishing pads with air cell mats, this approach is fundamentally different
from the present invention. U.S. Patent 5,329,734 (YU) teaches a polishing
pad which is divided into two regions each region containing circular holes
for improved wafer polishing. When processing a wafer, a conventional wafer
clamping arrangement secures a wafer to a wafer cooling pedestal with a
circular wafer clamping ring. The clamping ring is used to press the edge
of the wafer into the continuous (sealing) abutment with the upper surface
of the wafer pedestal. A port or opening can be provided to flow a supply
of an inert coolant gas, such as argon, to the backside of the wafer, this
to improve thermal transfer between the wafer and the heater chuck. This
takes advantage of the large thermal mass of the heater chuck relative to
the wafer for conducting temperature. In this way, a predictable and
consistent temperature is maintained across the wafer sat face during wafer
processing, and the vat roes process steps that are used to fabricate
devices on the wafer surface may be 



carried out in a reliable manner. During standard PVD processing,
deposition of the metal film on the surface of the semiconductor wafer
typically results in the. deposition of a metal film on tire surface of the
clamping ring This deposition alters the profile (height and inner
diameter) of the clamping ring, which in turn results in the metal ring,
that is its modified profile, being shadowed on the semiconductor wafer
which is being processed. This shadowing has a negative effect on wafer
yield and must therefore be restricted or eliminated.    - 3  SUMMARY OF
THE INVENTION 24 April 2003 According to the present invention, a polishing
pad cluster is provided for polishing very large semiconductor wafers
comprising a plurality of integrated circuit dies. This cluster includes a
pad support and a plurality of polishing pads, each of the polishing pads
rotating in the plane of the wafer (around the vertical or Z axis) and each
polishing pad individually controlled. A principle object of the present
invention is to provide a method of Chemical Mechanical Polishing (CMP) for
very large wafers. Another object of the present invention is to provide
extended control over polishing rates of selected areas within the
semiconductor wafer being polished. Another object of the present invention
is to maintain polishing uniformity across the wafer for very large wafers
. Another object of the present invention is to maintain process
optimization by maintaining tight process parameter contro1 .for the
processing of very large wafers .    



24 April 2003 - 4  Another object of the present invention is pad condition
control and process parameter control across the area of the entire wafer
for very large wafers. In the first embodiment of the present invention the
downward pressure of the rotating polishing pad is adjusted via a flexible
membrane which is controlled by a pressure cavity. The interface between
the the flexible membrane and the polishing pad is formed by ball-bearings.
3 ,: In the second embodiment of the present invention the downward
pressure of the rotating polishing pad is adjusted via a flexible membrane
which is controlled by a pressure cavity. The interface between the the
flexible membrane and the polishing pad is part of the membrane. In the
third embodiment of the present invention the downward pressure of the
rotating polishing pad is controlled by magnets which form part of the
rotating polishing pads. In the fourth embodiment of the present invention
the downward pressure of the rotating polishing pad is controlled by one
large magnet which forms part of the wafer mount chuck assembly In the
fifth embodiment of the present invention the downward pressure of the
rotating polishing pad is controlled by passive   



24 April 2003 = - 5  mechanical weights which are part of the polishing
pads. BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings,
forming a material part of the description, there is shown: Figs. 1 through
7 schematically illustrate a preferred embodiment of the implementation of
the present invention.  Fig. 1 is a plan view of the polishing pad assembly
of the present invention. Fig. 2 is a cross-sectional view taken along line
2-2' of Fig. 1. Fig. 3 is a cross-sectional view of two polishing pads
mounted in a flexible membrane via ball bearings. Fig. 4 is a
cross-sectional view of a polishing pad mounted in a flexible membrane
where the mounting is part of the membrane. Fig. 5 is a cross-sectional
view of a polishing pad where the down-ward pressure on the polishing pad
is exerted via magnets which form part of the polishing pad. i   24 April
2003 - b  Fig. 6 is a cross-sectional view of a polishing pad where the
down-ward pressure on the polishing pad is exerted via a large 



magnet which is mounted on the wafer mounting chuck. Fig. 7 is a
cross-sectional view of a polishing pad where the down-ward pressure on the
polishing pad is exerted via mechanical weights. E ' DETAILED DESCRIPTI01~
OF THE PREFERRED EMBODIMENTS Turning now to the drawings, Figs. 1. through
7 relate to the preferred embodiment of the polishing pad assembly 10 of
the present invention. The polishing pad 16 is designed for use in Chemical
Mechanical Planarization of a wafer 14 that includes an array on integrated
circuit dies. Typically, wafer 14 is mounted in a non-gimbaling wafer mount
which provides a polishing,force in the Z direction and rotates wafer 14
about the center of rotation C. Referring now more particularly to Fig. 3
there is shown a cross-section view of an assemblage of polishing pads 16
in relation to the location of the wafer 14 which is being polished using
the Chemical Mechanical Polishing (CMP) process. Fig. 3 presents, for
reasons of drawing simplicity, only two of the multiplicity of possible
rotating polishing pads.   24 April 2003 _ 7 _ Chuck 12 is made of a flat
rigid material, such as stainless _ steel, so that it-supports substrate
14. Substrate 14 is typically held on chuck 12 by a vacuum force that is
commonly used and well understood in the semiconductor art and is not
important for understanding the present invention. Chuck 12 is attached to
a shaft or a movement means C that allows movement of chuck 12 in a
vertical direction, a horizontal direction, rotational, and vibrational. It
should be understood that when substrate 14 is held by chuck 12 that
movement of chuck 12 is transferred to substrate 14. Additionally, any
movement can be done simultaneously, such as vibrational movement while
chuck 12 slowly rotates. A polishing process begins with substrate 14 on
chuck 12. Chuck 12 typically holds the substrate 14 by use of vacuum
source. A liquid can be applied to the top surface of the substrate 14,
such as a solvent or a slurry. Dispensing methods are well known and are
not necessary for the understanding of the present invention. Chuck 12 with
substrate is moved so that contact is made between substrate 14 and
polishing pads 16. Pressure is allowed to enter cavity 22 through port 24,
thereby creating pressure 20 which pushes the flexible membrane 13 in a
downward or outward direction. As a result of this motion, polishing pads
16 are pressed in a downward or outward direction and conform to the   



24 April 2003 _ g _ unevenness or irregularities of substrate 14. If, in
addition, each polishing pad 16 has approximately the same size as the die
and if each polis-hing pad is positioned over a single die location on the
substrate 14, this allows for polishing or planarization of each individual
die, regardless of how warped or uneven the substrate 14 may be. Since, in
addition, the polishing membrane 13 pushes polishing pads 16 into the
substrate 14 with equal force or pressure, polishing rates for each
individual polishing pad are relatively equal even on an irregular surface.
The flexible member 13 is attached to the side of the walls of cavity 22 by
means of an edge ring (not shown) which provides support for the flexible
membrane. The polishing pads for the present invention may be used in
virtually any application of the chemical mechanical planarization of
semiconductor substrates. Many of the operating parameters when using the
polishing pads should be similar to the parameters using conventional
polishing pads. The slurry composition, polishing pad rotational velocity
and substrate rotational velocity are a11 expected to be within the normal
operating parameters of polishers with conventional polishing pads. The
shaft 19 on which the polishing pads 16 are mounted protrude through the
flexible membrane 13 and are supported at each protrusion by ball bearings
18 which enable the polishing pad to rotate R around its axis. The ball
bearings 18 employed are not   24 April 2003 _ g _ part of the present
invention, they may consist of one unit per polishing pad shaft or of two
separate units per polishing pad shaft. If two separate units are used for
the ball bearings 18 each of these units is mounted on the flexible
membrane on the opposite side of the companion unit with both units
belonging to the same protrusion of the polishing shaft. 



The assemblage shown in Fig. 3 contains a driver mechanism 26 which
stimulates the rotation R for each of the polishing pads 16. _ This driver
mechanism 26 can drive a11 polishing pads 16 simultaneously or the driving
of the polishing pads can be divided into one or more (multiple) zones. A
zone in this context is understood to mean a functional grouping of one or
more polishing pads such that these polishing pads exhibit the same
characteristics of control, that is rotation R and downward pressure 20,
and operation. Multiple driver zones allow for selective polishing of the
wafer substrate 14 and introduces one more level of control for the
polishing process. This additional level of control allows for selective
polishing of specific wafer areas or dies to include different rotating
speeds R and d-ifferent uses of slurries. The method of implementing driver
mechanism 26 is not part of this invention although a11 normal design
parameters for such a driver mechanism apply. Where this driver mechanism
is unique is that it must rotate the polishing pads 16 while providing a
loose mechanical coupling to the polishing pads so as not to inhibit the
effectiveness of the downward pressure 20.   24 April 2003 - 10  Cavity 22
is further equipped with a perforated stabilizer plate 17 which restricts
motion of the polishing pads in the X and Y direction. This plate may be
required due to the relative length of the shaft or axis 19 of the
polishing pads 16. In combination with this, the polishing pad 16 to
polishing pad axis 19 interface may be of a design which allows the
polishing pad 16 to articulate or move in the X-Y field thus further
allowing the pad to more closely adhere to the surface of the wafer that is
being polished. This feature however is not part of the present invention
and can r-, follow standard semiconductor polishing practices and w
implementations. The indicated stabilizer plate 17 is optional, this plate
must be perforated so as not to inhibit the downward pressure 20. The feed
through of the polishing pad axis 19 through the stabilizer plate 17 must
be rigid in the X-Y direction but must be loosely coupled in the Z
direction, again so as not to inhibit or hinder pressure 20. Fig. 4 differs
from Fig. 3 in the technique used for the protrusion of the shafts 19 of
the polishing pads 16 through the flexible membrane 17. In this embodiment
of the present invention no ball bearings are used, the opening for
protrusion is part of the flexible membrane. i   24 April 2003 - li  



Fig. 5 shows an apparatus in cross sectional view where magnets 30 are
used. Each polishing pad 16 has one corresponding magnet 30. The magnets 30
have an opening in the center which allows the shaft of the polishing pad
16 to move freely in the Z direction. The magnets 30 create a magnetic
field which interacts with the polishing pad 16 so as to urge the polishing
pad 16 toward wafer 14. If desired, the magnets 30 can be designed to
create magnetic fields which are not uniform for all the magnets 30
applied. For example, in the situation where polishing rates tend to be
greater near the periphery of the wafer 14 than near `L_- _ the center, the
magnets 30 can provide stronger magnetic forces near the center of the
wafer 14 than near the periphery in order to make the polishing rate more
nearly uniform across the surface of the wafer. The inverse is also
possible. To create the magnetic fields, both permanent magnets and electro
magnets can be used. Fig. 6 shows the cross-sectional view of a wafer
polishing apparatus where a large magnet 36 is mounted on top of and as
part of the wafer chuck assembly 12. An insulating layer 38 insulates the
magnetic field of magnet 36 from the chuck assembly 12 while also attaching
the magnet 36 to the chuck assembly 12. Magnet 36 creates a magnetic field
which interacts with the polishing pad 16 so as to urge the polishing pad
toward the wafer. If desired, the magnet 36 can be designed to create
magnetic fields which are not uniform across the magnet. For example, ~.n
the situation where   24 April 2003 - 12  polishing rates tend to be
greater near the periphery of the wafer 14 than near the center, the magnet
can provide stronger magnetic forces-near the center of the wafer 14 than
near the periphery in order to make the polishing rate more nearly uniform
across the surface of the wafer. The inverse is also possible. To create
the magnetic fields, both a permanent magnets and electro magnetics can be
used. Fig. 7 shows a cross-sectional view of the wafer polishing L
apparatus where mechanical weights have been used to enhance polishing pad
to wafer contact. These weights can be varied in size or weight such that
the downward pressure exerted on the polishing pad can be varied resulting
in selectivity of polishing speed for selected bands or areas or dies
within the semiconductor wafer which is being polished. This invention is
not limited to the preferred embodiments described above, and a wide
variety of polishing pads and polishing pad to polishing-axis joints can be
used. A wide variety of polishing pad material cans also be used combined
with or separate from a large variety of methods to stimulate or move the
polishing pads in either the motion of rotation or in motion in the Z
direction, that is the direction perpendicular to the plane of the wafer
being polished. i   



24 April 2003 - 13  It is therefore intended that the foregoing detailed
description be regarded as illustrative rather than limiting, and that it
be understood that it is the following claims, including all equivalents,
which are intended to define the scope of this invention.   24 April 2003
-14 Claims: I . A scalable molts-pad polishing head design for polishing a
surface of a semiconductor substrate comprising: a multiplicity of rotating
polishing pads ~vhereb~~ each of said totatrng polishing pads is mounted on
a rotating polishing pad shaft thereby providing rotating polishing pad
shafts; a flexible membrane through lvluch said totatmg polishing pad
shafts are mounted; a driving mechanism for rotation of said rotating
polishing pad shafts; a pressurized cavity to which said flexible membrane
is attached which allows for unifot m polishing across the surface of the
semiconductor substrate being polished; and a stabilizing plate which
stabilizes the rotating polishing pads in an X-Y plane.. 2. The scalable
molts-pad polishing head of clalltl 1 wherein the plurality of polishing
pads ale comprised of silicon. 3. The scalable molts-pad polishing head of
claim 1 wherein the plurality of polishing pads are. coated with a selected
material having a characteristic hardness. 4. The scalable n nilti-pad
polishing head Of Clalltl I 1'Jhere111 the polishing pads are coated with a
material that is selected from the gi oup comprising diamond and nitride yf
' S. A scalable molts-pad polishing head design comps ising: a multiplicity
of rotating polishing pads wherein each pad is mounted Oit a Shaft, a
flexible membt one 1111011g11 li'hlCll Sald rotating polishing pad Shafts
al a 111011i1ted, a dl tying mechanism for the rotation of the r orating
polishing pads. a presser ized cavity to which the flexible membrane is
attached which allows for unlloim polishing across the entire surface of
the semiconductor substrate being polished; and a stabilizing plate which
stabilizes the. rotating polishin g pads in an X-Y plane, a means for
urging the se.miconductol being polished against said rotatnlg pohslung
pad, and 



a driving mechanism for the r oration of the r orating polishing pads. 6
The Scalable multl-pad polishing head of C111111 J lvhelelll tile plurality
of polishing pads arc: COlllpi'lSed Ot SI11Ca11. 7 The scalable molts-pad
polmhing Bead of ~Iailll 5 wherein the plurality of polishing l~~~cfs ~uc
coated with a selected Illatel IMI IIVViiig a chat octet istic liar dnesa
24 April 2003 _lj_ 8. The scalable multi-pad polishing head of claim 5
wherein the polishing pads are coated with a mater ral that is selected
from the gr oup C01111)1 ISlllg diamond and nih ide. 9. A scalable
multi-pad polishing head assembly for planarization of semiconductor wafers
comprising: a flexible membrane; ,l a multitude of flat rotating polishing
pads mounted on a multihrde of shafts which are functionally attached to
said flexible membrane; a means to deliver pr essure to each individual
rotating polishing pad across the flexible membrane; a substrate chuck
having a semiconductor wafer placed and held on said substrate clnlck,
whereby said wafer and the multiplicity of rotating polishing pads are
pressed together so that the wafer and the nn iltiplicity of rotating
pollshrng pads arc m contact, and a weans of promding motion to said
substrate chuck 10. A scalable rotating polishing lead assembly of CIallIl
~ 44'helelil Sald motion provided to said substrate chuck Is vertical I 1 A
scalable r otating polishing head assembly of claim 9 v~herein said motion
provided to said . substrate chuck is hOI'IZOlltal. . l2. A scalable
rotating polishing head assembly of claim 9 wherein satd motion provided to
said substrate chuck is rotational 13 A scalable rotating polishing head
assembly of clans 9 wherein said motion provided to said substrate chuck is
vibrational 14 A scalable multi-pad polishing head design for polishing a
surface of a semiconductor substrate comprising:   24 April 2003 -IG a
multiplicity of rotating polishing pads wherein each of said rotating
polishing pads is mounted 



on a shaft; a flexible membrane through which the rotating polrslnng pads
are mounted; a driving mechanism for rotation of card rotating polrshnlg
pads; a pressurized cavity to which said flexible. membrane is attached to
apply pressure. to surd polishing pads to cause the rotating polishing pads
to press against said surface of a semiconductor substrate which allo4vs
for uniform polishing across the surface of the semiconductor substrate
being polished; a stabilizing plate holding each said shaft on which each
of said rotating polishing pads rs mounted for stabilizing the rotating
polishing pads in the X-Y plane, a substrate chuck having a semiconductor
substrate placed and held on said semiconductor substrate chuck, whereby a
tnultiplrcity of dies contacts the multiplicity of rotating polishing pads;
a means for selectively conlrollnlg rotational speed of tile i otatrng
polishing pads, a means for grouping the rotating polishing pads into
polishing zones, and a means for providing IllOtiOrl to the senuconductor
substrate that js held on the SlrbSti ate CIllrCk against the multiplicity
of rotating polishing pads, 4vherein the individual srlrc.on p~lrshmg had
rs grooved 1 ~. f1 scalable nnrltr-pad polrshnlg head design coutauring a
multiplicity of rotating polishing pads for polishing of semiconductor
substrate surfaces conlprlsu~g~ -, a means for urging the rotating
polishing pads aganlst the surface of the semiconductor substrate j being
polished; a dr tying IIleChallr5r11 for rotation of the rotating polishing
pads; a substrate clnlck having a semiconductor substrate with a
multiplicity of dies placed and held on the substrate chuck, whereby the
multiplicit~~ of dies and tire multiplicit~~ of lotatlllg pollSlllllg pads
are pressed together so that a mnltiplicrty~ of dies contacts a
nnrltiplrcily of rotating polishing pads; a means for selectively
controlling rotational speed of the rotating polishing lads, a means for
grouping the rotating polishu lg pads into polishnlg zones; and a means for
providing I17011011 to the substrate that Is held on the substrate chuck
against the rn111t1p11Clly of rotating polishing pads, when ein the
individual silicon polishing pad is gr oovcd. I t A method of planar rzrn~:
a surface of a semiconductor substrate comprising plU~'IClfrlg a
semiconductor substrate, providing a CIISti ll)nted pOlISlilllg head with a
plurality of flat IOlatlllg pOllShlIlE, leads mounted on   24 April 2003 _
17 shafts in which each of said flat rotating polishing pads can be of a
size aimed at polishing efficiencies or requirements for the semiconductor
wafer being polished wherein firrther each of said flat rotating polishing
pads ~s in size approximately equal to each of the dies of the
semiconductor wafer to a size aimed at polishing effic~encres or
regui~emeuts for the overall semiconductor wafer being polished; and
pressing the plurality of rotating polishing heads together with the
surface of said semiconductor substrate that is being planarized in such a
manner that the surface of said semiconductor substrate is in contact with
said rotating polishing pads, thereby providing indrvrdual polishing pads
for individual dies within said surface of said substrate or for other
areas within the surface of said semiconductor substrate. _:` .A.A.A l
.Au.AY .A 
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