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APPARATUS AND METHOD FOR USE IN          CHEMICAL-MECHANICAL POLISHING
PROCEDURES                       BACKGROUND OF THE INVENTION 



5             1.  Field of the Invention             The present invention
relates to apparatus and        method for producing and supplying
suspensions and        slurries, and particularly abrasive slurries used in
10     chemical-mechanical polishing procedures such as those        used
in the production of integrated circuits.             2.  Background of the
Prior Art             Chemical Mechanical Polishing (CMP) is a process
by which an abrasive slurry is applied over a surface 



15     (e.g., metal or silicon) during electronic wafer        production
and mechanical polishing is performed to        produce a flat, uniform
surface. CMP is viewed as a        vital process necessary for the
development and high        yield production of improved multi-layered
integrated 20     circuit (IC) devices, especially those with a geometry
of 0.35 micron and smaller. One key consideration in        establishing a
CMP procedure is how to provide high        volume, cost effective, and
reliable delivery of        chemicals for the CMP procedure. While
deionized (01) 



25     water is regularly available in most clean        manufacturing
environments, other chemicals, such as        oxide and metal slurries, are
hazardous chemicals that        must be carefully handled, mixed, and
delivered.             Complicating the process of supplying chemicals 30
for use in CMP procedures is the fact that slurries of        polishing
agents are, by necessity, highly abrasive.        Accordingly, apparatus
used to mix or transfer such        chemicals are prone to wear and
premature failure.        For instance, conventional pump devices will
rapidly 



35     degrade when subjected to many polishing slurries.        Further,
precipitation of solids in conduits can cause        serious and expensive
maintenance problems.                                -1-      
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Generally, a slurry comprises a very fine        abrasive (20 to 80 nm)
suspended in a liquid        (predominately water). Two basic categories of
slurries used in CMP procedures are oxide removing 5     slurries and metal
removing slurries.  Each of these        slurries has its own handling and
use constraints.             The slurries that are easiest to handle and
use 



are oxide removing slurries. These usually comprise        fumed silica
particles in colloidal suspension in a 10     slightly basic dilution of
KOH (usually <1%).  Typical        compositions consist of approximately
10% solids, have        a specific gravity range of just over 1.0 to about
1.1, and have a viscosity of <50 cps. Colloidal        suspension can be
maintained by keeping the pH in a 10 15     to 12 pH range.  With proper
temperature control,        these slurries have a shelf life of up to one
year.             Metal removing slurries are newer to CMP 



processing and present demanding handling        requirements. These
slurries are used to remove 20     copper, aluminum, tungsten, and similar
metals and are        highly abrasive. They generally have less solid
suspensions and may have a pH as low as 2. Compared        to oxide
removing slurries, metal removing slurries        have very short shelf
lives, usually requiring use 25     within hours of production.  Further
complicating the        use of these compositions is the fact that certain
abrasives (e.g., alumina abrasive) are not colloidal 



suspensions, requiring mechanical agitation prior to        and during the
chemical delivery operation. In some 30     cases, such slurries may
require the combination of        two or three liquid components and one or
more        dissolved or suspended solid components, all of which
require constant mixing and movement right up until        use. Some newer
35     15 slurries may also require elevated temperature         prior to
use.  
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One of two methods are normally applied to        dispense polishing
slurries in a manufacturing        environment--manual transport in
containers, and        integrated chemical delivery systems. Using
presently  5     available technology, neither of these methods is
fully satisfactory.             The simplest dispense method is the manual
transport of chemicals to the CMP apparatus pre-mixed        in containers
(e.g., 5 gallon (18.9 liter) 10     containers).  With typical usage rates,
this may 



account for the movement of well over a hundred        gallons of slurry
into a clean environment during a        normal work shift. Among the
problems with this        approach are possibly inconsistent chemical
quality, 15     high traffic volume through a clean environment (for
delivery and removal of containers), high chemical        handling costs,
high packaging costs, high container        disposal costs, as well as
increased contamination,        quality control, and safety risks. 20
A more sensible approach is the pumping of 



chemicals to the CMP process equipment from a remote        site in a
manufacturing facility through continuous        tubing from a remote
chemical room to polish and post-        polish clean areas. This allows
the purchase of 25     chemicals in high volume drums (e.g., 200 liter (55
gallon)) or totes (e.g., up to 1250 liter (330        gallon)) at
significantly reduced bulk purchase and        handling costs.
A remote chemical room also eliminates the 30     traffic into a fab and
allows safer and more efficient 



handling of chemicals. Other advantages of such        systems include
total system interface and optional        protocols (e.g., leak detection,
demand queuing, on-        line monitoring or sampling, integrated
temperature 35     control, system flush and clean, data acquisition,
remote monitoring and control, etc.)                                 -3- 
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The movement of slurry from a remote chemical        room to CMP process
equipment may be accomplished in a 



variety of ways. Pumps, such as pumps employing
polytetrafluoroethylene (PTFE) (e.g., TEFLON[err])  5     diaphragms,
remain the most common method of moving        chemicals around a process
facility. Unfortunately,        when moving abrasive slurries, such pumps
experience        considerable wear.  In a high utilization area, a PTFE
diaphragm may need to be replaced every two to three 10     months.  This
presents considerable cost in parts,        labor, and down-time.
A far more satisfactory system is the use of a 



vacuum-pressure chemical distribution apparatus, such        as that
disclosed in United States Patents 5,148,945 15     to Geatz and 5,330,072
to Ferri et al., and        commercially available from Applied Chemical
Solutions, Hollister, CA.  Instead of using in-line        pumps, these
devices employ intermediate vessels that        are sequentially
decompressed to draw chemicals in and 20     pressurized to force chemicals
out to a point of use.        Continuous chemical delivery is accomplished
by        employing multiple intermediate vessels, alternating 



between one vessel drawing chemical in under vacuum        while the other
vessel dispenses chemical under 25     pressure.  Since no pumps are
employed in the chemical        conduits, problems with premature pump wear
are        eliminated. While such systems provide dramatically
improved performance over conventional pump-driven        integrated slurry
delivery systems, they still do not 30     address all of the operating
concerns found in CMP        processing, such as producing and handling of
highly        demanding polishing slurries. 



For instance, in order to address some of the        various handling
concerns previously explained, 35     chemical is usually temporarily
stored in a "day tank"        immediately prior to use, where agitation,
pH, and/or        temperature control can be performed. This reduces
-4-   



REPLACEMENT SHEET                                             5  some of
the mixing and separation issues previously discussed, but does not address



problems of very short shelf or highly aggressive abrasive compositions
found with some slurry compositions (e.g., certain metal removing
slurries).        Accordingly, it is a primary object of the present
invention to provide an  improved integrated system for the delivery of
polishing chemicals and similar compositions to a point of use that is
flexible in the types of chemicals it can handle and  is not susceptible to
premature wear or attack from abrasive chemical mixtures.         It is
another object of the present invention to provide an apparatus and method 



for the delivery of chemicals that can readily handle highly sensitive
chemical mixtures,  including mixtures with short shelf lives or requiring
demanding mixing parameters.          These and other objects of the
present invention will become evident from review of the following
specification.                                Summary of the Invention
According to a first embodiment of the invention there is provided an
apparatus 



for the delivery of a chemical slurry to at least one downstream facility
that comprises                 a measuring vessel of predetermined volume
into which a liquid chemical  component is introduced;                a
conduit connecting the measuring vessel to multiple chemical sources,
wherein each of said chemical sources comprises a liquid chemical
component;                  a conduit connecting the measuring vessel to at
least one mix tank; 



a pressure-vacuum vessel in communication with said at least one mix   tank
whereby chemical is drawn from said at least one mix tank to the
pressure-vacuum  vessel under negative pressure and chemical is delivered
from the pressure-vacuum   vessel to said at least one downstream facility
under positive pressure, the pressure-  vacuum vessel being in fluid
communication with both said at least one mix tank and  said at least one
downstream facility;  



valves on each of the conduits so as to control chemical flow
therethrough;                                                       6 



wherein the chemical slurry is produced in said at least one mix tank by
combining chemicals from at least one of the multiple chemical sources and
said at least one slurry is delivered form the mix tank to said at least
one downstream facility.         According to a second embodiment of the
invention there is provided a method for producing a chemical mixture for
use in chemical-mechanical polishing procedures  



which comprises                providing an apparatus having a measuring
vessel, the measuring vessel  connected to at least two upstream sources of
chemicals;                providing a connection between the measuring
vessel and at least one mix  tank;  



providing means to motivate chemical from said at least one mix tank to a
downstream facility, wherein said motivating means comprises at least one
pressure-  vacuum vessel;                filling the measuring vessel with
a first component chemical, and then  transferring the first component
chemical to said at least one mix tank;  



filling the measuring vessel with a second component chemical, and then
transferring the second component chemical to said at least one mix tank;
mixing the component chemicals in said at least one mix tank to produce the
chemical mixture;                delivering the chemical mixture from said
at least one mix tank to the  downstream facility.  



The present invention is an improved integrated system for the production
and delivery of chemical slurry materials to production facilities, such as
the formation and  delivery of polishing slurries used in
Chemical-Mechanical Polishing (CMP) processes.         The preferred
apparatus of the present invention comprises a measuring vessel of
predetermined volume in communication with multiple sources of chemical
components.  Each component chemical is first measured in the measuring
vessel and then transferred 



to one or more mix or "day" tanks.  Multiple chemicals are combined in the
mix tank to  produce a slurry for use at a downstream facility. A
pressure-vacuum vessel (PVV)       



6a  system is then employed to draw chemical from the mix tank and deliver
it to CMP or  other processing equipment. The provision of numerous flow
paths in the present  invention provides almost endless flexibility in
mixing and maintenance options for the  



chemicals. Further, the present invention provides means to readily mix
solid chemical  components into a slurry chemical stream to provide even
greater chemical delivery options.         Among the advantages of the
apparatus and method of the present invention is  that highly abrasive
chemicals can be transferred without the need for in-line pumps and  other
apparatus that may deteriorate. Further, the present invention allows
chemicals to 



be mixed and delivered under customized conditions, including relatively
rapid mixing  and the ability mix and deliver chemicals on demand (either
immediate or from a batch).       



1 9  Claims:        1.    Apparatus for the delivery of a chemical slurry
to at least one downstream facility that comprises                a
measuring vessel of predetermined volume into which a liquid chemical
component is introduced; 



a conduit connecting the measuring vessel to multiple chemical sources,
wherein each of said chemical sources comprises a liquid chemical
component;               a conduit connecting the measuring vessel to at
least one mix tank;                a pressure-vacuum vessel in
communication with said at least one mix  tank whereby chemical is drawn
from said at least one mix tank to the pressure-vacuum  vessel under
negative pressure and chemical is delivered from the pressure-vacuum vessel
to said at least one downstream facility under positive pressure, the
pressure- 



vacuum vessel being in fluid communication with both said at least one mix
tank and  said at least one downstream facility;               valves on
each of the conduits so as to control chemical flow  therethrough;
wherein the chemical slurry is produced in said at least one mix tank by
combining chemicals from at least one of the multiple chemical sources and
said at least  



one slurry is delivered from the mix tank to said at least one downstream
facility.        2.    The apparatus of claim 1 which further comprises two
mix tanks, with conduits connecting the measuring vessel to each of the mix
tanks.         3.    The apparatus of claim 1 wherein the apparatus further
comprises                means for delivering the slurry to said at least
one downstream facility, said at least one downstream facility comprising a
point-of-use; and wherein said means delivers the slurry such that the
slurry is capable of being mixed on demand from the point-of-use and is
capable of being delivered to the point-of-use immediately following
formation the slurry. 





4.    The apparatus of claim 1 wherein               said at least one
downstream facility comprises at least one polisher; and
wherein the slurry is capable of stored in said at least one mix tank prior
to use.         5.    The apparatus of claim 4 which further includes a
recirculation conduit  



connecting said at least one downstream facility to said at least one mix
tank, said  recirculation conduit allowing the slurry to be removed from
said at least one mix tank  replaced into said at least one mix tank during
periods of low demand.         6.    The apparatus of claim 5 wherein said
at least one mix tank includes  means to maintain the slurry in regular
motion prior to use.  



7.    The apparatus of claim 1 where the apparatus comprises multiple mix
tanks, each mix tank connected to the measuring vessel and said at least
one downstream  facility.          8.    A method for producing a chemical
mixture for use in chemical-  mechanical polishing procedures which
comprises  



providing an apparatus having a measuring vessel, the measuring vessel
connected to at least two upstream sources of chemicals;
providing a connection between the measuring vessel and at least one mix
tank;                 providing means to motivate chemical from said at
least one mix tank to a   downstream facility, wherein said motivating
means comprises at least one pressure-  



vacuum vessel;                  filling the measuring vessel with a first
component chemical, and then   transferring the first component chemical to
said at least one mix tank;                 filling the measuring vessel
with a second component chemical, and then   transferring the second
component chemical to said at least one mix tank;                  mixing
the component chemicals in said at least one mix tank to produce 



the chemical mixture;         



21                delivering the chemical mixture from said at least one
mix tank to the downstream facility.         9.    The method of claim 8
that further comprises               storing the chemical mixture in said
at least one mix tank until there is demand for the chemical mixture from
the downstream facility; and  



delivering the chemical mixture from said at least one mix tank upon
demand.        10.   The method of claim 8 wherein the downstream facility
comprises a point of use and the method further comprises
mixing the chemical mixture on demand from the point-of-use; and
delivering the chemical mixture to the point-of-use immediately following
the formation of the chemical mixture.  



11.   The method of claim 8 that further comprises                providing
a pressure-vacuum vessel connected to said at least one mix tank for
drawing the chemical mixture from said at least one mix tank to the
pressure-  vacuum vessel under a negative pressure and delivering the
chemical mixture from the pressure-vacuum vessel under a positive pressure
to the downstream facility.         12.   The method of claim 8 that
further comprises               providing multiple mix tanks, each mix tank
connected to the measuring 



vessel and the downstream facility;               adjusting flow of the
component chemicals to different mix tanks from the measuring vessel as is
necessary to maintain a constant supply of chemical for the  downstream
facility.      



22    APPARATUS AND METHOD FOR USE IN CHEMICAL-MECHANICAL ABSTRACT
POLISHING PROCEDURES           Apparatus for the delivery of a chemical
slurry to at least one downstream facility. The apparatus comprises a
measuring vessel of 



predetermined volume into which a liquid chemical component is introduced.
A conduit connects the measuring vessel to multiple chemical sources
wherein each of said chemical sources, comprises a liquid chemical
component. Another conduit connects the measuring vessel to at least one
mix tank.  A pressure-vacuum vessel is in communication with said at least
one mix tank, whereby chemical is drawn from said at least one mix tank to
the pressure-vacuum vessel under negative pressure and chemical is 



delivered from the pressure-vacuum vessel to said at least one downstream
facility under positive pressure. The pressure-vacuum vessel is in fluid
communication with both said at least one mix tank and said at least one
downstream facility. Valves on each of the conduits control the chemical
flow therethrough. The chemical slurry is produced in said least at one mix
tank by combining chemicals from one or more of the multiple chemical
sources, and the slurry is delivered from said at least one mix tank to
said at least one 



downstream facility.    




