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EP 1 189 729 B1
Description

[0001] The present invention relates to methods for abrading or polishing a surface such as the surface of a structured

~semiconductor wafer and the like.

Background

[0002] During integrated circuit manufacture, semiconductor wafers used in semiconductor fabrication typically un-
dergo numerous processing steps including deposition, patterning, and etching. Details of these manufacturing steps
for semiconductor wafers are reported by Tonshoff et al., "Abrasive Machining of Silicon", published in the Annals of
the International Institution for Production Engineering Research, (Volume 39/2/1990), pp. 621-635. In each manufac-
turing step, it is often necessary or desirable to modify or refine an exposed surface of the wafer to prepare it for
subsequent fabrication or manufacturing steps.

[0003] In conventional semiconductor device fabrication schemes, a flat, base silicon wafer is subjected to a series
of processing steps that deposit uniform layers ‘of two or more discrete materials to form a single layer of a multilayer
structure. In this process, it is common to apply a uniform layer of a first material to the wafer itself or to an existing
layer of an intermediate construct by any of the means commonly employed in the art, to etch pits into or through that
layer, and then to fill the pits with a second material. Alternatively, features of approximately uniform thickness com-
prising a first material may be ‘deposited onto the wafer, or onto a previously fabricated layer of the wafer, usually
through a mask, and then the regions adjacent to those features may be filled with a second material to complete the
layer. Following the deposition step, the deposited material or layer on & wafer surface generally needs further process-
ing before additional deposition or subsequent processing occurs. When completed, the outer surface is substantially
globally planar and parallel to the base silicon wafer surface. A specific example of such a process is the metal Da-
mascene processes. )

[0004] Inthe Damascene process, apattern is etched into an oxide dielectric (e.g., silicon dioxide) layer. After etching,
optional adhesion/barrier layers are deposited over the entire surface. Typical barrier layers may comprise tantalum,
tantalum nitride, titanium or titanium nitride, for example. Next, a metal (e.g., copper) is deposited over the dielectric
and any adhesion/barrier layers. The deposited metal layer is then modified, refined or finished by removing the de-
posited metal and optionally portions of the adhesion/barrier layer from the surface of the dielectric. Typically, enough
surface metal is removed so that the outer exposed surface of the wafer comprises both metal and an oxide dielectric
material. A top view of the exposed wafer surface would reveal a planar surface with metal corresponding to the etched
pattern and dielectric material adjacent to the metal. The metal(s) and oxide dielectric material(s) located on the mod-
ified surface of the wafer inherently have different physical characteristics, such as different hardness values. The
abrasive treatment used to modify a wafer produced by the Damascene process must be designed to simultaneously
modify the metal and dielectric materials without scratching the surface of either material. The abrasive treatment must
create aplanar outer exposed surface on a wafer having an exposed area of a metal and an exposed area of a dielectric
material. .
[0005] The process of modifying the deposited metal layer to expose the dielectric material leaves little margin for
error because of the submicron dimensions of the metal features located on the wafer surface. The removal rate of
the deposited metal should be relatively high to minimize manufacturing costs, and the metal must be completely
removed from the areas that were not etched. The metal remaining in the etched areas must be limited to discrete
areas or zones while being continuous within those areas or zones to ensure proper conductivity. In short, the metal
modification process must be uniform, controlled, and reproducible on a submicron scale.

[0006] One conventional method of modifying or refining exposed surfaces of structured wafers treats a wafer surface
with a slurry containing a plurality of loose abrasive particles dispersed in a liquid. Typically this slurry is applied to a
polishing pad and the wafer surface is then ground or moved against the pad in order to remove material from the
wafer surface. Generally, the slurry may also contain chemical agents or working liquids that react with the wafer
surface to modify the removal rate. The above described process is commonly referred to as a chemical-mechanical
planarization (CMP) process. Certain shortcomings to the traditional CMP process have been noted. For example, it
is expensive to dispose of the used slurries in an environmentally sound manner. In addition, residual abrasive particles
can be difficult to remove from the surface of the semiconductor wafer following the polishing operation. If not removed,
these residual particles may contribute to electrical and mechanical failure of the finished semicenductor devices.
[0007] A recent alternative to CMP slurry methods uses an abrasive article to modify or refine a semiconductor
surface andthereby eliminate the need for the foregoing slurries. This alternative CMP process is reported, for example,
in International Publication No. WO 97/11484, published March 27, 1997. The reported abrasive article has a textured
abrasive surface which includes abrasive particles dispersed in a binder. In use, the abrasive article is contacted with
a semiconductor wafer surface, often in the presence of a working liquid, with a motion adapted to modify a single
layer of material on the wafer and provide a planar, uniform wafer surface. The working liquid is applied to the surface
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of the wafer to chemically modify or otherwise facilitate the removal of a material from the surface of the wafer under
the action of the abrasive article.

[0008] The above-mentioned working liguids may comprise any of a variety of liquids such as water or, more typically,”
aqueous solutions of complexing agents, oxidizing agents, passivating agents, surfactants, wetting agents, buffers,
rust inhibitors, lubricants, soaps, combinations of these additives, or the like. Additives may also include agents which
are reactive with the second material, e.g., metal or metal alloy conductors on the wafer surface such as oxidizing,
reducing, passivating, or complexing agents.

[0009] Itis desirable to provide improvements in CMP processes. It is especially desirable to provide improvements
in CMP processes by utilizing abrasive articles exhibiting a higher degree of selective planarization than those produced
with conventional slurry based processes. It is also desirable to provide processes that employ abrasive articles free
of traditional abrasive particles while still being effective in a CMP process without the need for the aforementioned
slurries.

Summary Of The Invention

[0010] The present invention provides a method of modifying a surface comprising the steps of: (a) contacting the
surface to be modified with a working surface of an abrasive article, wherein the abrasive article which is free of tradi-
tional abrasive particles comprises a phase separated polymer having a first phase and a second phase, the first phase
being harder than the second phase; and (b) relatively moving the surface to be modified and the fixed abrasive article
to remove material from the surface to be modified in the absence of an abrasive slurry.

[0011] The phase separated polymer may be selected from any of a variety of phase separated polymers wherein
the work to failure for the phase separated polymer is greater than the work-to-failure for the material removed from
the surface of the wafer. In this context, "work-to-failure" means the integrated area under the stress/strain failure curve
for a particular material. The area under such a curve has units of work. In general, the phase separated polymer is a
block copolymer selected from the group consisting of A-B diblock copolymer, A-B-A triblock copolymer, A-B-A-B tetra-
block copolymer and A-B multiblock and star block copolymer. In a preferred embodiment, the phase separated polymer
is a styrene-butadiene-styrene copolymer or a styrene-ethylene-butadiene-styrene copolymer. In these copolymer sys-
tems, styrene is present within the phase separated polymer in an amount sufficient to form hard segment domains
having an average diameter between about 50 Angstroms and about 1000 Angstroms. If desired, larger discrete do-
mains may often be created by blending the block polymer with homopolymer corresponding to the composition of the
discrete domains. ’

[0012] In referring to aspects of the invention, certain terms will be understood to have the following meanings:

"Abrasive composite" refers to one of a plurality of shaped bodies which can collectively provide an abrasive
surface. In this context, "three-dimensional abrasive surface" is an abrasive surface having an undulated surface
topography of raised and depressed abrasive portions.

"Precisely shaped," in reference to the abrasive composites, refers to a shape that is readily discemible by the
human eye and can be readily reproduced during the manufacturing process (e.g., by molding) to provide an entire
abrasive surface of precisely shaped abrasive composites.

[0013] These and other aspects of the invention will be understood by those skilled in the art after consideration of
the remainder of the disclosure including the Detailed Description Of The Preferred Embodiment and the appended

claims.

Brief Description Of The Drawings

[0014]

Figure 1 is a schematic cross sectional view of a portion of a structured wafer before surface modification;
Figure 2 is a schematic cross sectional view of a portion of a structured wafer after surface modification;

Figure 3 is a partial side schematic view of one apparatus for modifying the surface of a wafer used in semiconductor
fabrication; and

Figure 4 is a cross sectional view of a portion of an abrasive article useful in the method of the present invention.

Detailed ljescription Of The Preferred Embodiment

[0015] Theinvention will be described by reference to its preferred embodiment. In this detailed description, reference
will be made to the various figures where certain features are identified by reference numerals and wherein like nu-
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merals indicate like features.

[0016] Figure 1 is a representative view of a patterned wafer 10 suitable for use in the process of the invention. For
clarity, known features such as doped regions, active devices, epitaxial layers, carrier and field oxide layers have been
omitted. Wafer 10 has a base 11 typically made from any appropriate material such as single crystal silicon, gallium
arsenide, and other materials known in the art. A barrier or adhesion layer 13, typically titanium nitride, titanium, tan-
talum, tantalum nitride or silicon nitride covers the base layer 11 and base features.

'[0017] A metal conductor layer 14 covers the front surface of barrier layer 13 and base features A variety of metal

or metal alloys may be used such as titanium, aluminum, copper, aluminum copper alloy, tungsten, or silver. The metal
layer is typically applied by depositing a continuous layer of the metal on barrier layer 13. Excess metal is then removed
to form the desired pattern of metal interconnects 15 as illustrated in Figure 2. Metal removal provides discrete metal
interconnect surfaces 15 and discrete feature surfaces 16 that preferably provide a planar surface free of scratches
or other defects that could interfere with the operability of the finished semiconductor device.

[0018] Figure 3 schematically illustrates an apparatus for modifying wafers and useful in the CMP process. Variations
of this machine and/or numerous other machines may be useful with this invention. This type of apparatus is known
in the art for use with polishing pads and loose abrasive slurries. An example of a suitable, commercially available
apparatus for the CMP process is that available from IPEC/WESTECH of Phoenix, AZ. Alternative machines for the
CMP process are available from STRASBAUGH or SPEEDFAM. Still other machines adapted to accommodate webs
or polishing tapes are described in, for example, U.S. Patent Nos. 5,643,044 and 5,791,969, both to Lund. The appa-
ratus 30 comprises head unit 31 connected to a motor (not shown). Chuck 32 extends from head unit 31. An-example
of such a chuck is a gimbal chuck. The design of chuck 32 preferably accommodates different forces and pivots so
that the abrasive article provides the desired surface finish and flatness on the wafer. However, the chuck may or may
not allow the wafer to pivot during planarization.

[0019] At the end of chuck 31 is wafer holder 33 securing wafer 34 to head unit 31 and preventing the wafer from
becoming dislodged during processing. The wafer holder is designed to accommodate the wafer and may be, for
example, circular, oval, rectangular, square, octagonal, hexagonal, or pentagonal. In some instances, the wafer holder
includes two parts, an optional retaining ring and a wafer support pad. The retaining ring may be a generally circular
device that fits around the periphery of the semiconductor wafer. The wafer support pad may be fabricated from one
or more elements, e.g., polyurethane foam. Wafer holder 33 extends alongside of semiconductor wafer 34 at ring
portion 35. The optional ring portion may be a separate piece or may be integral with holder 33. As shown in Figure
3, wafer holder 33 may be constructed so that ring portion 35 does not extend beyond the surface 36 of wafer 34. In
this configuration, the wafer holder 33 will not touch or contact the working surface 41 of the abrasive article. In other
instances, the ring portion 35 of the wafer holder 33 may extend beyond the surface 36 of wafer 34. In this arrangement
of parts, the ring portion 35 will make contact with the abrasive surface 41 and thereby influence the characteristics of
the abrasive composite by, for example, providing the wafer holder 33 with a construction suitable to "condition" the
abrasive surface by removing the outermost portion of the surface during processing. The wafer holder or retaining
ring may be of any design or material which will allow the abrasive article to impart the desired degree of modification
to the wafer. Examples of suitable materials include polymeric materials.

[0020] The speed at which wafer holder 33 rotates will depend on the particular apparatus, processing conditions,
abrasive article, and the desired wafer modification criteria. In general, however, wafer holder 33 rotates between about
2to about 1,000 rpm, typically between about 5 to about 500 rpm, preferably between about 10 to about 300 rpm and
more preferably between about 20 to about 100 rpm. If the wafer holder rotates too slowly or too fast, then the desired
removal rate may not be achieved. Wafer holder 33 and/or the base 42 may rotate in a circular fashion, a spiral fashion,
a non-uniform manner, an elliptical fashion such as a figure eight or in a random motion. The wafer holder frequently
translates along a radius of the abrasive article. The wafer holder or base may also oscillate or vibrate, such as by
transmitting ultrasonic vibrations through the holder or base.

[0021] The process of the invention is as described above, utilizing an abrasive article having a working surface
suitable for abrading the surface of a workpiece such as a layer of a structured semiconductor wafer. The process of
the invention does not require the use of an abrasive slurry. The working surface of the article comprises a textured
working surface, preferably comprising plurality of raised regions, for abrading or polishing the structured wafer surface
either alone or in the presence of a suitable chemical environment. Each of the raised contact regions will typically
comprise a plurality of domains of each of the polymeric phases present.

[0022] Referring to Figure 4, a preferred construction for an abrasive article useful in the process of the present
invention is shown and will now be described. The abrasive article 40 includes an abrasive surface, generally indicated
by the reference numeral 41. The abrasive surface 41 is affixed to one major surface of the base 42 and preferably
comprises a plurality of abrasive composites 44 affixed to the base 42. The composites 44 may be integrally molded
to the base or affixed thereto by an adhesive or the like. Preferably, the abrasive surface includes open channels,
generally indicated at 46, extending between the composites 44 to facilitate the circulation of a working liquid along
the entire surface 41 when the abrasive article 40 is used in a CMP process. Working liquids are known and may be
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used, for example, to cool the interface between the semiconductor wafer and the abrasive surface 41, to carry ap-
propriate chemicals to the interface, to remove dross released by the polishing operation, or combinations of these
and other functions. It will be appreciated that the relative volume of the channels 46 and the composites 44 may vary
depending on-the demands of a specific polishing operation. However, the channels 46 will typically occupy between
5 and 95 percent of the volume between the working surface 48 and the plane of the bases of the composites and
preferably between 50 and 80 percent of such volume.

[0023] Useful abrasive articles may also include a backing (not shown) affixed to the surface of the base 42 opposite
the composites 44. Known coated abrasive backings are suitable for use in the abrasive articles. The backing can be
flexible, or alternatively the backing can be more rigid. Examples of typical flexible abrasive backings include polymeric
film, primed polymeric film, metal foil, cloth, paper, vulcanized fiber, nonwovens and treated versions thereof and com-
binations thereof The backing may also contain a treatment to modify its physical properties. Another example of a
backing is described in U.S. Patent No. 5,417,726. Examples of more rigid backings include metal plates, ceramic
plates, treated nonwoven substrates, treated cloth and the like. The backing may also consist of two or more backings
laminated together. The backing may also consist of reinforcing fibers engulfed in a polymeric material as disclosed in
PCT published application WO93/12911.

[0024] Preferred backings for semiconductor wafer planarization are very uniform in their thickness. If the backing
does not have uniform thickness, this can lead to greater variability in intermediate semiconductor wafer flatness after
planarization. One preferred type of backing is a polymeric films and examples of such films include polyester films,
polyester and co-polyester films, microvoided polyester films, polyimide films, polyamide films, polyviny! alcohol films,
polypropylene film, polyethylene film and the like. There should also be good adhesion between the polymeric film
backing and the abrasive article or coating. In many instances, the polymeric film backings are primed. The primer can
be a surface alteration or chemical type primer. Examples of surface alterations include corona treatment, UV treatment,
electron beam treatment, flame treatment and scuffing to increase the surface area. Examples of chemical type primers
include ethylene acrylic acid copolymer as disclosed in U.S. Patent No. 3,188,265, colloidal dispersions as taught in
U.S. Patent No. 4,906,523, aziridine type materials as disclosed in U.S. Patent No. 4,749,617 and radiation grafted
primers as taught in U.S. Patent Nos. 4,563,388 and 4,933,234, The thickness of the polymeric film backing generally
ranges between about 20 to 1000 micrometers, preferably between 50 to 500 micrometers and more preferably be-
tween 60 to 200 micrometers.

[0025] The abrasive composites 44 preferably comprise a phase-separated polymer system having a first or "hard"
phase and a second or "soft" phase wherein the hard phase comprises the hard segments of the polymer and the soft
phase comprises the soft segments of the polymer. The hard phase of the phase separated polymer is harder than
the soft phase, and the hard phase may be characterized by its glass transition temperature (Tg) which is preferably
greater than the temperature of the working surface of the article during use in a CMP process. Typically, the Tqof the
hard segment will be greater than about 49°C and generally between about 10°C and about 100°C. The soft phase of
the phase separated polymer may be characterized by its glass transition temperature which is preferably less than
the temperature of the working surface of the article during use in a CMP process. In such a phase separated polymer
system, the harder phase of the polymer will function in a manner analogous to abrasive grit during a CMP process
while the softer phase of the polymer will promote local conformity of the pad to the surface of the structured wafer
being polished. The soft phase preferably will have sufficient resilience to allow surface asperities to project beyond
the plane of the active grit and to be sheared off as the grit passes. Those skilled in the art will appreciate that the
morphology of the harder phase may be varied by changing the relative molar volumes of the hard and soft phases.
[0026] in the formulation of the composites 44, A-B block polymers may be used where one of the components forms
the aforementioned hard segments and the other component forms the softer segments. The polymer system may
also be an A-B-A type bock copolymer or a polymer providing a so-called star block configuration. It is also expected
that microphase separated urethanes (e.g. Estanes) may be used in some CMP polishing applications. In the broadest
aspects of the invention, a polymeric material is considered useful in formation of the composites if the integrated area
under the stress vs strain to failure curve (work-to-failure) is greater than the corresponding work-to-failure for the
material to be removed. To promote selectivity in material removal, it may be desirable for the work-to-failure of the
polymeric material to be greater than the corresponding work-to-failure for the material to be removed white being less
than the work-to-failure of the underlying dielectric layer and/or any adhesion/barrier layers underlying the material to
be removed.

[0027] One preferred polymeric system for use in the abrasive composites 44 is a styrene-butadiene-styrene (SBS)
block copolymer system. In general. the SBS system is inexpensive, easy to fabricate by thermoforming or solvent
casting, and may readily be structurally modified to adapt to different polishing applications. In this system, the styrene
phase is capable of abrading copper duringa CMP process and is especially capable of abrading the copper compounds
which form when a copper surface is exposed to an oxidizing environment resulting from the application of a working
liquid (e.g., a solution of hydrogen peroxide) to the copper metal deposited onto the structured wafer during a dual
Damascene process, for example. Working liquids useful in CMP processes are known to those skilled in the art and
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are not further described herein. Examples of such working liquids may be found in pending United States patent
application serial number 09/091,932, filed on June 24, 1998 and in United States patent application serial number
09/266,208, filed on March 10, 1999. :

[0028] Inthe SBS system and at relatively low weight fractions of styrene, the styrene phase will act as an abrasive
grit and is likely to assume the form of spheres uniformly dispersed in a butadiene matrix. The styrene phase is cov-
alently bonded to the remaining polymeric matrix and is thus unlikely to detach from the matrix during a polishing
operation. As the styrene content is increased in the SBS formulation, the domains of styrene willgrow and may assume
a cylindrical configuration or the like within the SBS polymeric system. As the styrene content in the SBS is increased
further, the SBS system will eventually become bicontinuous and then assume a lamellar structure in which layers of
styrene alternate with layers of butadiene. Further increases in the styrene content will pass through a second bicon-
tinuous domain arrangement to give rise to a structure in which styrene is the continuous phase and the butadiene
portion of the system forms a well dispersed population of cylinders and then spheres. Further details of the morpho!-
ogies of phase separated polymer systems can be found in Encyclopedia of Polymer Science and Technology, vol.9,
pp 760-788, John Wiley & Sons (1987).

[0029] When the SBS polymer system is used in the abrasive article to form the composites, the styrene content
within the SBS system typically will be within the range from about 10 wt % to about 90 wt %. Most preferably from
about 15 wt% to about 40 wt%. In contrast to conventional mineral abrasives, any polymeric residue transferred to the
workpiece can be readily removed by the same processing conditions used to remove the polymeric masks deposited
as part of the wafer fabrication process. Preferably, the styrene phase in the SBS polymer forms small regions similar
or analogous to an abrasive particle having an average diameter between about 50 Angstroms (A) and about 1,000
A. Commercially available block copolymers suitable for use in the aforementioned abrasive articles include those
known under the trade designation KRATON D1101, a linear styrene-butadiene-styrene block copolymer having a
sytrene:butadiene weight ratio of 31:69 and available from Shell Chemical Company of Houston, Texas. Another suit-
able polymer is a linear styrene-ethylene-butadiene-styrene copolymer having a sytrene:rubber weight ratio of 29:71
and available from the Shell Chemical Company under the trade designation KRATON G1650.

[0030] If desired or needed, pendant functional groups can be added to the polymer system to enhance wetting of
the abrasive surface, for example. One desired modification of the SBS polymer system may be accomplished by
sulfonation of a fraction of the styrene groups of the block polymer to enhance the ability of aqueous chemistry com-
monly employed in CMP processes to more uniformly wet the abrasive article during use as well as to reduce friction
and/or help to sequester metal or metal ions as they are removed from the surface of the semiconductor wafer.
[0031] In the depicted embodiment, the abrasive composites 44 have a discernible precise shape in the form of
truncated pyramids. However, the composites may be provided in any of a variety of shapes such as cylinders (or
posts), pyramids, cubes andthe like. Additionally, a single abrasive article may include differently configured composites
thereon. The composites may be shaped to include working surfaces 48 that are essentially coplanar, as in Figure 4.
Alternatively, the individual working surfaces may be tilted with respect to the base 42 in such a manner that the
individual working surfaces do not lay within the same plane but may lay within more than one plane. Some of the

- composites may include surfaces that are within the same plane while other composites in the same article are in

different planes. Additionally, the individual composites may be a combination of configurations with a first configuration
atthe base of the article and a second configuration at the working surface of the composite. For example, the composite
may have a cross section corresponding to a six pointed star at the base and a circular cross section at the initial
working surface. The transition from one configuration to the next within any single composite may be a continuous
transition or it may be an abrupt or discontinuous transition.

[0032] For ease of manufacture, the composites may be formed as a periodic array. However, the articles useful in
the invention may include a working surface that is comprised of a random array of composites. Preferably, the com-
posites 44 of the abrasive surface 41 will be comprised of the phase separated polymer as described above. It is also
contemplated, however, that the individual composites 44 may comprise other materials in addition to the phase sep-
arated copolymer. For example, the composites may include the phase separated polymer in one region of the com-
posite extending from the working surface 48 to a defined distance therefrom. The remainder of the composite may
comprise another material suitable for supporting the phase separated polymer. The phase separated polymer may
be provided as a thin coating over a contoured article where the contoured article may be either more rigid or less rigid
than the phase separated polymer depending on the characteristics of the workpiece. The working surface of the
composite may also include a fine structure such as grooves or the like to improve local supply/drainage of working
liquid and to avoid or reduce the trapping of debris which might give rise to scratches.

[0033] While the abrasive surface 41 preferably will comprise a plurality of abrasive composites such as the com-
posites 44 depicted in Figure 4, it will be appreciated that other configurations for the abrasive surface are also within
the scope of the invention and those skilled in the art will appreciate that the invention is not limited to any particular
configuration for the abrasive surface. The working surface of the abrasive article will preferably be textured in some
manner and will comprise a polymeric system consistent with the aforementioned description. Preferably, the textured
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abrasive surface of the invention will be configured in amanner that permits the exertion of essentially uniform pressure
on the article to be polished during a CMP process. In general, the articles most useful in the present invention are
characterized by an abrasive surface comprising a phase separated polymer that includes hard segments and soft
segments, as described herein.

[0034] Abrasive articles useful in the present invention can be manufactured using a number of different but known
manufacturing methods such as by molding or embossing, for example. The embossing process should be carried out
using either a platen or an embossing roll and the temperature of the polymer during the embossing step should be
above the glass transition temperature of the hard segment of the phase separated step polymer. The manufacture of
these articles is further illustrated in the Examples. The articles useful in the method of the present invention may be
provided in any of a variety of configurations. For example, the articles may be provided as pads wherein the abrasive
surface that contacts the semiconductor wafer is essentially circular. Alternatively, the abrasive article may be provided
as a web or in sheet form wherein the abrasive article may be rolled and mounted in rolled form on a suitable CMP
machine to provide a fresh abrasive surface at any time during the CMP operation. Other forms for the abrasive article
may aiso be possible and those skilled in the art will appreciate that the invention is not limited to the use of an abrasive
article that is in any particular format.

[0035] It is anticipated that the semiconductor wafers processed with the aforementioned abrasive articles will have
a higher degree of selective planarization than those produced with conventional slurry based processing because the
hard segments in the chosen polymer system may be selected to remove metal, for example, while leaving the dielectric
material untouched. In addition, the wafer planarization process would be essentially free from free abrasive particles
in the working fluid and therefore the working fluid should require much less effort to clean. The working fluid should
be readily recycled by using simple filtration or other known methods to remove the dross. Similar benefits would accrue
in other polishing operations.

[0036] The invention is further illustrated in the non-limiting examples set forth below.

EXAMPLES
[0037] The following procedures were employed herein.
Procedure |

[0038] Copper coated blanket wafers were made from a single crystal silicon base unit having a diameter of 100 mm
and a thickness of about 0.5 mm; purchased from either WaferNet or Silicon Valley Microelectronics, both of San Jose,
CA. Before deposition of the metal layer, a silicon dioxide layer approximately 5,000 A thick was grown on the silicon
wafer. A titanium adhesion/barrier layer was deposited on the silicon dioxide layer prior to metal deposition. The thick-
ness of Ti was typically 200 A, but may range between 100 and 300 A. A uniform layer of Cu was then deposited over
the silicon base using physical vapor deposition (PVD). The thickness of the metal layer was typically between 11,000
and 12,000 A, and measured by an Omnimap NC110 Non-contact Metals Monitoring System, TENCOR Instruments,
Prometrix Division, Santa Clara, CA.

[0039] The test machine was a modified Strasbaugh Lapping Machine, Model 6Y-1. The wafer workpiece was rested
on a foam backing available from Rodel of Newark, DE, under the designation "DF200", and the assembly was placed
into a spring loaded plastic retaining ring. The abrasive article of the example was adhered to a support pad comprising
a 20 mil "PCF20" polycarbonate sheet obtained from General Electric Structured Plastics, General Electric Corp.,
Schenectady, NY, laminated with a 3M adhesive 442 DL or 9671L_E obtained from 3M, St. Paul, MN, to a 90 mil ethylene
vinyl acetate closed-cell foam from Voltek, Division of Sekisui America Corp., Lawrence, Massachusetts; the pad was
affixed to the platen of the Strasbaugh.

[0040] The carrier head holding the wafer was brought into contact with an abrasive article made according to Pro-
cedure lll herein. The wafer was rotated at about 40 rpm and the platen was rotated at the same speed as the carrier -
head. Both the wafer and the abrasive article rotated in a clockwise manner. In addition to rotating, the wafer moved
through an arc (approximately 31 mm with a 9 second periodicity) starting about 13 mm from the edge of the abrasive
article. The platen was 12 inches in diameter. The abrasive article and carrier head were brought into contact with one
another at a downforce of about 350 KPa (50 pounds) unless otherwise specified. The working liquid was pumped
onto the abrasive article before contacting the wafer. During polishing, the working liquid was pumped onto the wafer
and abrasive interface at a flow rate of about 40 ml/minute. The abrasive article was used to polish the blanket wafers
for a one minute (60 second) cycle. After the polishing cycle, each wafer was removed from the holder and replaced.
[0041] The metal removal rate was calculated by determining the change in metal film thickness. Initial (i.e., before
polishing) and final {i.e., after polishing) measurements were taken at the same locations on the NC110. Five readings
were averaged to determine the removal rate in Angstroms per minute (A/min). The standard deviation of differences
divided by the mean of the differences is reported as %NU or % non-uniformity. "Non-uniformity" is a measure of how
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uniform the removal rate of copper is across the surface of the wafer. A low number for non-uniformity (e.g., 2 to 3 %)
is generally preferred.

Procedure Il (Working Liquids):

[0042] Working liquids were prepared using the ingredients listed below. Semiconductor grade hydrogen peroxide
was obtained from Olin Corp. (Norwalk, CT) as a 30% solution and was diluted as necessary. Ammonium hydrogen
phosphate (ACS reagent grade), iminodiacetic acid, ammonium citrate (a chelating agent), and 1-H- benzotriazole
(BHT) were all obtained from Aldrich Chemical Company, Milwaukee, WI. Solids were weighed separately and dis-
solved in water with the 30% hydrogen peroxide solution added last (when ready to polish) to give the proper dilution.
The balance of each solution was deionized water. The total weight for the working liquid was 1000g, corresponding
to approximately 1 liter. The pH of the final solution was about 7.4.

Composition of Working Liquid:

[0043]

3.0 % ammonium hydrogen phosphate
3.3 % hydrogen peroxide

0.5 % ammonium citrate

0.10 % 1-H-benzotriazole (BTA)
93.1% water

Procedure lll (Manufacture of Abrasive Articles)

[0044] Abrasive articles were fabricated from a block polymer system for use in copper polishing operations. The
articles were manufactured from commercially available polymers available under the trade designations KRATON
G1650 and KRATON D1101. A sample was prepared for compression molding by sequentially stacking the following:
acardboard sheet, a chrome plated brass plate, a 16 inch x 16 inch (40.6 cm x 40.6 cm) nickel embossing tool, a layer
of polymer granules, a second chrome plated brass plate, and a second cardboard sheet. The stack was placed in a
compression molder (Wabash Model V75H-24-CLX obtained from Wabash MP(, Wabash, ID) and molded at the pre-
scribed pressure, time, and temperature. The stack was then cooled to the desired temperature under pressure. The
stack was removed from the molder and disassembled to provide a monolithic polymer sample.

[0045] The nickel embossing tool was configured to produce an array of truncated pyramids which are nominally
0.0035 in (88.9 micron) high on 0.00585 in (148.6 micron) centers in a square array. The post tops are initially 0.00341
in (86.6 micron) square and the sides slope at 10° from the vertical. The posts comprise approximately 47% of the
volume of the abrasive surface (e.g., between the planes defined by the bases of the pyramids and by the tops of the
pyramids) leaving about 53% of the abrasive surface volume for flow channels.

EXAMPLE 1

[0046] An abrasive article was prepared according to the Procedure |1l using approximately 900 mi KRATON D1101
SBS biock co-polymer pellets. The article was molded under 30 tons (30,480 kg), at 160 °C for two minutes, cooled
to less than 70 °C and removed from the stack to yield an article approximately 75 mil (1.9 mm) thick. The article was
tested on a copper blanket wafer. The blanket wafer and the test were according to the Procedure |. Process conditions
included a 40 rpm platen speed, 40 rpm carrier speed and a 40 mi/min flow for the working liquid. The testing was
conducted using a single abrasive article with a new wafer being used in the,test after each 60 second test interval.
Test results are set forth in Table 1.

Table 1 .
Wafer | Time (seconds) | Cu Remaining (A) | Removal Rate (A/min) | %NU
12 . 60 11800 35.36 134
11 60 10930 255.2 48.3
10 60 10640 1049 35.1
9 60 9000 2826 5.77
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Table 1 (continued)

Wafer | Time (seconds) | Cu Remaining (A) Removal Rate (A/min) %NU
8 60 8163 2804 10.0
7 60 8136 2836 8.01
6 60 8122 2812 10.9
5 60 8161 2772 10.9
4 60 8095 2837 6.99
3 60 8055 2863 11.0

EXAMPLE 2

[0047] An abrasive article was prepared according to the Procedure Ill using approximately 400 ml KRATON G1650
SBS block co-polymer pellets. The article was molded under 50 tons (50,800 kg), at 190 °C for two minutes, cooled
to less than 70 °C and removed from the stack to yield an article approximately 25-30 mil (0.64 - 0.76 mm) thick. The
article was tested on a copper blanket wafer. The blanket wafer and the test were according to the Procedure |. Process
conditions included a 40 rpm platen speed, 40 rpom carrier speed and a 40 ml/min flow for the working liquid. The testing
was conducted using a single abrasive article with a new wafer being used in the test after each 60 second test interval.
Test results are set forth in Table 2.

Table 2
Wafer | Time (seconds) | Cu Remaining (&) | Removal Rate (A/min) | %NU
25 60 10220 2074 8.89
24 60 9922 2422 512
23 60 9685 2622 450
22 60 9978 2335 4.64
21 60 9894 2412 1.49
20 60 9898 2463 434
19 60 9895 2428 2.90
18 60 9831 2516 3.59
17 60 9778 2581 2.36
16 60 9807 2585 214
15 60 9692 2687 3.73
14 © 60 9196 2633 1.77
13 60 9202 2649 410

[0048] Basedonthe foregoingtest results, the article of Example 2 achieved a mean removal rate of 2527 Angstroms
per minute with a 3.39 %NU (NonUniformity) for the final 12. wafers. Following the polishing test, visual examination
of the pad indicated that several patches, approximately 2 mm in diameter, were present on the working surface of the
pad. The patches appear to be incompletely heated portions of the polymer which were not correctly embossed. The
article of Example 1 achieved a mean removal rate of 2821 Angstroms per minute with a 9.08 %NU (non-uniformity)
for the final 7 wafers. It was observed that the working liquid went from clear to a green color in the testing of Example
1 during the fourth test interval (wafer 9), indicating the initiation of copper removal. Conditioning of the abrasive article
prior to polishing is expected to achieve immediate copper removal with these articles.

[0049] While the foregoing preferred embodiment for the present invention described a method for the chemical
mechanical planarization of semiconductor surfaces, it will be appreciated that the described method is applicable to
the modification of any of a variety of surfaces. In particular, the described abrasive articles may be used in the surface
modification of a variety of sputtered metallic coatings for computer memory discs wherein the metallic coating is
typically deposited (e.g., by sputtering) on glass, aluminum, glass-ceramic or another suitable substrate. The described
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metallic coatings may be removed from the substrate or otherwise modified according to the present invention. In
general, the described articles and the method for their use in the modification of a surface may be adapted for any of
a variety of abrasive operations and is though to be especially applicable to the surface modification of surfaces that
meet the hardness criteria described hereinabove.

[0050] While a preferred embodiment of the invention has been described in detail, it will be appreciated that changes
to the described embodiment may be made to those skilled in the art without departing from the scope of the invention
which is defined in the appended claims.

Claims

1.

10.

1.

12.

13.

14.

A method of modifying a surface comprising the steps of:

(a) contacting the surface to be modified with a working surface of an abrasive article, wherein the abrasive
article which is free of traditional abrasive particles comprises a phase separated polymer having a first phase
and a second phase, the first phase being harder than the second phase; and

(b) relatively moving the surface to be modified and the fixed abrasive article to remove material from the
surface to be modified in the absence of an abrasive slurry.

A method according to claim 1 wherein the work to failure for the phase separated polymer is greater than the
work-to-failure for the material removed from the surface of the wafer.

A method according to claim 1 wherein the first phase of the phase separated polymer is harder than the material
removed from the surface of the wafer.

A method according to claim 1 wherein the phase separated polymer is a block copolymer selected from A-B
diblock copolymers, A-B-A triblock copolymers, A-B-A-B tetrablock copolymers, A-B multiblock and star block

copolymers.

A method according to claim 1 wherein the.phase separated polymer is a styrene-butadiene-styrene copolymer
or a styrene-ethylene-butadiene-styrene copolymer.

A method according to claim 5 wherein styrene is present within the phase separated polymer in an amount suf-
ficient to form hard segments having an average diameter between about 500 to about 1000 nm (about 50 A and
about 100 A).

A method according to claim 1 wherein the fixed abrasive article further comprises a backing having an abrasive
layer thereon, the abrasive layer comprising the phase separated polymer.

A method according to claim 7 wherein the backing comprises a polymer film and a primer for enhancing adhesion
between the abrasive coating and said backing.

A method according to claim 1 wherein the surface of the textured abrasive article is erodible.

A method according to claim 1 wherein the surface of the fixed abrasive article comprises a plurality of abrasive
composites arranged in a predetermined pattern.

A method according to claim 10 wherein the abrasive composites have a shape selected from the group consisting
of cubic, cylindrical, prismatic, pyramidal, truncated pyramidal, conical, truncated conical, post-like with a flat top
surface, hemispherical, and combinations thereof

A method according to claim 10 wherein the abrasive composites are spaced apart from each other.

A method according to claim 10 wherein the fixed abrasive article comprises a backing having a surface comprising
said abrasive composites in the form of a coating, each of the abrasive composites having substantially the same

orientation relative to the backing.

A method according to claim 1 wherein the abrasive article is secured to a subpad.

10
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Patentanspriiche

1.

10.

1.

12.

13.

14.

Verfahren zum Modifizieren einer Oberflache, das die folgenden Schritte aufweist:

(a) Kontaktieren der zu modifizierenden Oberfliche mit einer Arbeitsoberfldche eines Schleifgegenstands,
wobei der Schleifgegenstand, der frei von herkémmlichen Schleifteilchen ist, ein phasensepariertes Polymer
mit einer ersten Phase und einer zweiten Phase aufweist, wobei die erste Phase hérter ist als die zweite
Phase; und

(b) relatives Bewegen der zu modifizierenden Oberflache und des fixierten Schleifgegenstands, um bei Ab-
wesenheit einer SchleifaufschlAmmung Material von der zu modifizierenden Oberflache zu entfernen.

Verfahren nach Anspruch 1, wobei die Brucharbeit fiir das phasenseparierte Polymer gréBer ist als die Brucharbeit
fur das von der Oberflache des Wafers entfernte Material.

Verfahren nach Anspruch 1, wobei die erste Phase des phasenseparierten Polymers hérter ist als das von der
Oberflache des Wafers entfernte Material.

Verfahren nach Anspruch 1, wobei das phasenseparierte Polymer ein Blockcopolymer ist ausgewahlt aus A-B-Di-
blockcopolymeren, A-B-A-Triblockcopolymeren, A-B-A-B-Tetrablockcopolymeren, A-B-Multiblock- und Stem-
blockcopolymeren.

Verfahren nach Anspruch 1, wobei das phasenseparierte Polymer ein Styrol-Butadien-Styrol-Copolymer oder ein
Styrol-Ethylen-Butadien-Styrol-Copolymer ist.

Verfahren nach Anspruch 5, wobei Styrol in dem phasenseparierten Polymer in einer Menge vorliegt, die ausreicht,
um harte Segmente mit einem mittleren Durchmesser zwischen etwa 500 bis etwa 1000 nm (etwa 50 A bis etwa
100 A) zu bilden.

Verfahren nach Anspruch 1, wobei der fixierte Schleifgegenstand weiterhin eine Unterlage mit einer Schleifschicht
darauf aufweist, wobei die Schieifschicht das phasenseparierte Polymer aufweist.

Verfahren nach Anspruch 7, wobei die Unterlage einen Polymerfiim und einen Primer zum Verbessern der Haftung
zwischen der Schleifbeschichtung und der Unterlage aufweist.

Verfahren nach Anspruch 1, wobei die Oberfliche des strukturierten Schleifgegenstands erodiert werden kann.

Verfahren nach Anspruch 1, wobei die Oberflache des fixierten Schleifgegenstands eine Vielzahl von Schleifver-
bundwerkstoffen aufweist, die in einem vorbestimmten Muster angeordnet sind.

Verfahren nach Anspruch 10, wobei die Schleifverbundwerkstoffe eine Gestalt aufweisen, die ausgewahlt ist aus
der Gruppe bestehend aus kubisch, zylindrisch, prismenférmig, pyramidenférmig, pyramidenstumpffémig, kegel-
férmig, kegelstumpfférmig, pfostenartig mit einer flachen Deckflache, halbkugelfdrmig und Kombinationen davon.
Verfahren nach Anspruch 10, wobei die Schleifverbundwerkstoffe voneinander beabstandet sind.

Verfahren nach Anspruch 10, wobei der fixierte Schleifgegenstand eine Unterlage mit einer Oberflache aufweist,
die die Schieifverbundwerkstoffe in Form einer Beschichtung aufweist, wobei jeder der Verbundwerkstoffe im we-

sentlichen die gleiche Orientierung relativ zur Unterlage aufweist.

Verfahren nach Anspruch 1, wobei der Schleifgegenstand an einem Unterkissen befestigt ist.

Revendications

1.

Procédé de modification d'une surface comprenant les étapes de :

(a) mise en contact de la surface a modifier avec une surface de travail d'un article abrasif, dans lequel I'article
abrasif qui est dépourvu de particules abrasives traditionnelles comprend un polymére & phases séparées

1
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ayant une premiére phase et une deuxiéme phase, la premiére phase étant plus dure que la deuxiéme phase ;
et

(b) déplacement relatif de la surface a modifier et de l'article abrasif fixe afin d'ehmmer de la matiére de la
surface & modifier en I'absence d'une boue abrasive,

Procédé selon la revendication 1, dans lequel le travail jusqu'a défaillance du polymére a phases séparées est
supérieur au travail jusqu'a défaillance de la matiére éliminée de la surface de |a tranche.

Procédé selon la revendication 1, dans lequel la premiére phase du polymére & phases séparées est plus dure
que la matiére éliminée de la surface de la tranche.

- Procédé selon la revendication 1, dans lequel le polymére a phases séparées est un copolymere i blocs sélec-

tionné pammi les copolyméres & deux blocs A-B, les copolyméres 2 trois blocs A-B-A, les copolymeéres & quatre
blocs A-B-A-B, les copolym‘eres a blocs multiples A-B et les copolyméres & blocs en étoile.

Procédé selon la revendication 1, dans lequel le polymére & phases séparées est un copolymére styréne- buta—
diéne-styréne ou un copolymére styréne-éthyléne-butadiéne-styréne.

Procédé selon la revendication 5, dans lequel le styréne est présent dans le polymére a phases séparées dans
une quantité suffisante pour former des segments durs ayant un diamétre moyen entre environ 500 & environ 1000

nm (environ 50 A & environ 100 A).

Procédé selon la revendication 1, dans lequel l'article abrasif fixe comprend en outre un support sur leque! est
formée une couche abrasive, la couche abrasive comprenant le polymére a phases séparées.

Procédé selon la revendication 7, dans lequel le support comprend une pellicule polymere et une couche de fond
pour rehausser 'adhérence entre le revétement abrasif et ledit support.

Procédé selon la revendication 1, dans lequel la surface de l'article abrasif texturé est érodable.

Procédé selon la revendication 1, dans lequel la surface de l'article abrasif fixe comprend une pluralité de com-
posites abrasifs agencés selon une configuration prédéterminée.

Procédé selon la revendication 10, dans lequel les composites abrasifs ont une forme sélectionnée pamile groupe
consistant en formes cubique, cylindrique, prismatique, pyramidale, pyramidale tronquée, conique, conique tron-
quée, du type poteau avec une surface supérieure plate, hémisphérique et des combinaisons de celles-ci.
Procédé selon la revendication 10, dans lequel les composites abrasifs sont espacés les uns des autres.
Procédé selon la revendication 10, dans lequel 'article abrasif fixe comprend un support ayant une surface com-
prenant lesdits composites abrasifs sous forme de revétement, chacun des composites abrasifs ayant substan-

tiellement la mé&me orientation par rapport au support.

Procédé selon la revendication 1, dans lequel l'article abrasif est fixé & un sous-tampon.

12
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