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This patent application has been filed in the United States
of America as patent application number 08/327,771 on October
24, 1994, |

Field of the | f

The present invention relates to chemical-mechanical
polishing of semiconductor substrates, and in particular, to
delivering a polishing fluid to a polisher.

Background of the Invention

Chemical-mechanical polishing is commonly used in
semiconductor fabrication for planarization, fabrication of
contact or via plugs, or fabrication of in-laid interconnects. In
the polishing process, a polishing slurry that has particles may be
used. The polishing slurry may mechanically and chemically etch
the surface of the substrate or an overlying layer. Although
polishing slurries may be formulated in a ready-to-use form,
many polishing slurries are formulated as a concentrated form or
formulated to keep components separate. A polishing slurry in a
ready-to-use form includes a large amount of water. Shipping
costs for water is expensive due to its density.

In some polishing slurries, polishing particles may change
the pH of the slurry. For example, a tungsten polishing slurry may
include an aqueous solution of alumina particles and an acid.
Alumina particles have an iso-electric point that is basic that can
make the polishing slurry more neutral when exposed to the acid
for a period of time. A tungsten polishing slurry may have a
polishing rate after 15 days that is about a quarter of the initial
polishing rate when the components are first mixed. A similar
effect occurs with a polishing siurry that includes an aqueous
solution of oxide particles in a base because oxide pamcles have
an iso-electric point that is acidic. -
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To overcome those problems, the polishing slurry may be
made by batch mixing near the point of use or by mixing
components:on a platen of a polisher. With batch mixing, the
polishing slurry may be mixed in a large tank. These tanks may be
about 300-340 liters (80-90 gallons) but may have volumes of
several hundred liters. For one specific process that is used to
remove oxide from semiconductor substrates, about 200 liters
(55 gallons) of polishing slurry may polish around 400 wafers.
The batch mixing still has the problem of a non-stable pH that
translates into a variable polishing rate.

The polishing rate of a tungsten polishing slurry including
an aqueous solution of alumina particles and an acid may be about
3100 angstroms per minute just after mixing, about 2000
angstroms per minute about one day after mixing, about 1100
angstroms per minute about three days after mixing, and levels
off at about 900 angstroms per minute starting at about 15 days
after mixing. Assuming that a polishing can polish about 10
wafers an hour, 400 wafers would take about a day and a half to
polish. If the 400 wafers were polished after mixing, the first
wafer would polish at about 3100 angstroms per minute, and the
last wafer would polish at about 1600 angstroms per minute.
This highly variable polishing rate makes process control
difficult. Although the polishing rate stabilizes at a polishing
rate of about 900 angstroms per minute, this rate is too low for
production.

Batch mixing has other problems. The mixing tank has to be
cleaned each time the solution is changed. Also, lifting and
transporting the components for the slurry is difficult due to
their densities. Further, the fluid within the tank has to be
maintained such that it remains mixed and prevents formation of
a gel. When the additional components are added, they need to be
completely mixed with the polishing fluid that already exists
within the tank. Even after mixing, the polishing rate may need to
be characterized because the tank now includés a mixture of fresh
and old polishing slurries. '

A plurality of feed lines may be directed to dispense
directly on to a platen within a chemical-mechanical polisher.
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One problem with this method is that the components may not
properly mix, thereby forming localized regions that are more
concentrated with one component versus the other.
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Summary of the lnvention

The present invention includes a chemical-mechanical
polisher for polishing a semiconductor substrate comprising: a
first feed line having an outlet; a second feed line having an
outlet; a mixing section having an inlet and an outlet; and a tub
capable of receiving an effluent from the outlet of the mixing
section. The outlets of the first and second feed lines are

' connected to the inlet of the mixing section.

The present invention also includes a process for polishing a
semiconductor substrate comprising the steps of: placing the
semiconductor substrate in a chemical-mechanical polisher; and
polishing the semiconductor substrate using a polishing fluid. The
step of polishing includes a step of providing the polishing fluid
to the substrate that includes steps of: flowing a first fluid
through a first feed line having an outlet; flowing a second fluid
through a second feed line having an outlet; mixing the first and
second fluids within a mixing section to form the polishing fluid;
and flowing the polishing fluid through the outlet of the mixing
section to provide the polishing fluid to the semiconductor
substrate. The mixing section has an inlet and an outlet, and the
outlets of the first and second feed lines are connected to the
inlet of the mixing section. _

Other features and advantages of the present invention will
be apparent from the accompanying drawings and from the
detailed description that follows.
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Brief Descrioti { the Drawi

The present invention is illustrated by way of example and
not limitation in the figure of the accompanying drawing, in which
like references indicate similar elements, and in which:

FIG. 1 includes a schematic view of a chemical-mechanica!
polisher in accordance with one embodiment of the present
invention;

FIG. 2 includes an illustration of a cross-sectional view of
an in-line mixer;

FIG. 3 includes an illustration of a perspective view of
plates of FIG. 2 showing how fiuid flows around the plates.

FIG. 4 includes an illustration of a cross-sectional view of
an in-line mixer in accordance with an alternate embodiment; and

FIG. 5 includes a schematic view of an alternate embodiment
including a funnel for mixing the components for the polishing
fluid.
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A chemical-mechanical polisher includes a mixer section
that mixes components of a polishing fluid prior to introducing
the polishing fluid into the polishing section of the polisher. The
polishing rate of the polishing fluid is relatively high because the
mixing occurs near the point of use. Local concentrations of the
components of the polishing fluid near the substrate should be
relatively uniform because the polishing fluid is mixed prior to
reaching the substrates. The present invention is better
understood after reading the sections below.

Polishing Embodiment

FIG. 1 includes a schematic view of a portion of a chemical-
mechanical polisher 10. The chemical-mechanical polisher 10 has
three sections that include a feed section 11, a mixing section 12,
and a polishing section 13. Within the feed section are two
containers 111 and 112. The two containers 111 and 112 include
components of a polishing fluid. For example, container 111 may
include concentrated polishing fluid, and container 112 includes a
diluent, such as water, an alcohol, a glycol, and the like.
Similarly, containers 111 and 112 may include components, when
in the presence of each other, that affect the polishing rate over
time. The components within the containers 111 and 112 flow
through the feed lines 113 and 114, respectively, to a manifold
121. Pumps 115 and 116 regulate the flow through the feed lines

113 and 114, respectively.

The mixing section 12 includes the manifold 121 that is
used to combine the two feed lines 113 and 114, each having an
outlet. The inlets to the manifold 121 are the inlets to the mixing
section 12. After combining the components from the feed lines
113 and 114 in the manifold 121, the components flow through
tubing 122 to a static in-line mixer 123. The components from
the containers 111 and 112 are turbulently mixed within the
static in-line mixer 123 to form a polishing fluid. The polishing
fluid is typically a liquid or a slurry. The polishing fluid then
flows through a piece of tubing 124 that is the outlet for the
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mixing section 12. The polishing fluid is the effluent from the
mixing section 12. The mixing section is initially where
components from the feed lines initially contact one another.

The polishing fluid flows into the chemical-mechanical
polishing section 13. The polishing section 13 includes a tub 131,
a platen 132 and a polishing pad. For simplicity, the combination
of the platen and polishing pad is just denoted as the platen 132.
Above the platen 132 is a substrate hoider 133 and a
semiconductor substrate 134. During polishing, the polishing
fluid is eventually received by the tub 131, at which time, the
polishing fluid may be recycled or discarded.

The static in-line mixer 123 thoroughly mixes the
components flowing through the feed lines 113 and 114 so that
the polishing fluid is completely mixed by the time it reaches the
polishing section. Therefore, the components from the feed lines
113 and 114 should have a turbulent flow through the in-line
mixer 123. The design of the mixer should be such that turbulence
is achieved for the designed flow rates. For exampls, if a
polishing fluid is to be delivered at a flow rate between 100-200
milliliters per minute, the mixer should be design such that the
turbulence is achieved even when the polishing fluid flow rate is
as low as 100 milliliters per minute. Usually, the polishing fluid

flow rate is no higher than 500 milliliters per minute.

FIG. 2 includes an illustration of a cross-sectional view of
the static in-line mixer 123. The mixer 123 has helical plates
1231 within a shell 1232. At the first plate 1231, the fluid
stream is bisected and rotated. At the second plate, about half of
each of the fluid streams on each side of the first plate are
combined and rotated along each side of the second plate. The

- mixer is "static" because it has no moving parts.

FIG. 3 includes a perspective view of some of the plates
1231. FIG. 3 shows how the plates are placed in relation to each
other and how the fluid flows around the plates as illustrated by
the arrows. In this particular embodiment, the helical plates
1231 are arranged such that the direction rotation of the fluid is
reversed compared to the previous plate. In other words, the fluid
rotates in one direction in the first plate and rotates in the
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opposite direction in the second plate. The mixer 123 as shown in
FIG. 2 has six plates. The static in-line mixer may have any finite
number of plates. For example, the mixer may have an overall
length of about 35 centimeters (14 inches) and include 27 plates
in another embodiment. The mixer should include a material that
is resistance to attack by the components being mixed. I[f the
components form an acidic or basic solution, the in-line mixer
may include stainless steel, monel (an alloy including nickel,
copper, iron, and manganese), or the like.

The apparatus as shown in FIG. 1 may be used to polish
semiconductor substrates. The polishing parameters should be
relatively similar to existing polishing methods except that now a
relatively constant polishing rate may be achieved. On average,
the polishing rate should be higher than what is typically achieved
for batch mixing. Constant adjustment of polishing time should
not be necessary. Also, the polishing fluid should not have local
regions of varying concentration of individual components when
the polishing fluid is delivered to the polishing section 13.

Alternate Embodiments

Any number of containers may be used to feed the system,
although only two are shown within FIG. 1. The containers may
include different types of particles that are to be mixed. The
containers may be inside or outside the polisher itself. Similarly
any number of feed lines may be used. The number of containers
may be less than the number of feed lines. For example, a first
feed line may be connected to a container, and a second feed line
may supply a diluent, such as deionized water. The manifold
would be designed to accommodate the actual number of feed
lines used.

The number of pumps used is typically the same or less than
the number of feed lines. In one embodiment, a feed line may be a
tap from an in-house deionized water system. A pump may not be
necessary between the tap and the manifold 121. A flow
regulator may be required to adjust for pressure changes within
the deionized water system. The pumps may be controlled
dependently or independently of one another. The control of the
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pumps may be performed by a human, a computer, or a master-
slave relationship. If the pumps are controlled a master-slave
relationship, the pump heads may be connected to the same pump
motor. If this occurs, the pumping rates of the two pumps should
pump in a fixed ratio for a given flow. Flow measuring apparati
(not shown) may be installed to monitor flow rates. The flow
rates may be displayed or be an electronic signal going to the
computer that controls the pumps. | '

In alternate embodiment the helical plates can be replaced
by baffles 42 as shown in FIG. 4. With the in-line mixer 123, the
baffles 42 generally extend from the wall 41 about 3/4 of the
distance to the opposite wall in a direction perpendicular to the
length of the mixer. The baffles 42 are spaced such that the
components flow in a serpentine path through the in-line mixer
123. The serpentine path for the flow should mix component prior
to leaving the mixer 123. In another embodiment, the baffles may
be replaced by one or more venturis or plates with openings (i.e.,
orifice plates). In yet another embodiment, the in-line mixer 123
may not be needed if the components may be effectively mixed
within the manifold 121.

In still a further embodiment, the manifold 121 tubing 122
are not needed if the mixer 123 is capable of receiving a plurality
of feed lines. -

In one embodiment, -equal volumes of fluid may flow through
each of the feed lines to more efficiently mix the components
within the in-line- mixer 123. If a highly concentrated polishing
fluid is being used, the design of the feed and mixing sections may
need modified. As an example, assume that a concentrated
polishing solution is to be diluted such that the concentrated
polishing solution makes up one quarter of the volume of the
polishing fluid delivered to the polishing section. In this case,
two feed lines having equal volumes of concentrated polishing

- solution and diluent are fed through a first manifold and are

mixed in a first in-line mixer. The effluent from the first in-line
mixer is combined an equal volume of diluent within a second
manifold and are mixed in a second in-line mixer. The effluent
from the second in-line mixing is the polishing fluid. The
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concentrated polishing solution makes up about one quarter of the
polishing fluid.

The design of the in-line mixers may be used to
accommodate nearly any concentration of components. Each mixer
may form a stage. The previous embodiment has two stages. |If
the concentrated polishing solution is to be diluted, so that it
makes up one eighth of a polishing fluid, three stages may be used.
For a one-sixteenth dilution, four stages may be used. Any finite
number of stages may be used. Also, a similar design may be used
when active components are combined in ratios other than 1:1.
Therefore, dilution rates do not need to be a factor of two.
Virtually any dilution ratio may be achieved.

Previous embodiments included a sealed in-line mixer. By
sealed, it is meant that the mixing does not occur while the
components are exposed to air. The mixer does not need to be
sealed. In one embodiment, the mixing may occur by using a
funnel 22, as shown in FIG. 5. The two feed lines 113 and 114
flow into the funnel inlet 23, which is the conical section of the
funnel. During the traversal of the components through the funnel
22, the components may swirl around to become mixed. Upon
mixing, a polishing fluid is formed and is an effluent that leaves
through the outiet 24 onto the platen 132. Different flow
patterns may be used within the funnel 22. Both of the feed lines
may be pointed directly down into the funnel similar to that as
shown in FIG. 4. In still another embodiment, the direction of the
components may be directed in directions along the inner edge of
the funnel whereas the components flow in the same direction or
in opposite directions. In any event, the flow of the components
through the funnel 22 should be such that the polishing fluid as it
leaves the outlet 24 should be completely mixed.

Although not shown, additional valves and lines may be
included to clean or flush the manifold 121 and mixer 123 or the
funnel 22. The cleaning or flushing may be performed on a timely
basis (i.e., daily, weekly, or the like) or on a substrate frequency
basis (i.e., every 50 substrates, every 500 substrates, each lot of
substrates, every 10 lots, or the like).
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A polishing fluid may include only liquids or include at least
one liquid and particles. In many chemical-mechanical polishes, a
polishing slurry is used. A polishing slurry is a type of polishing
fluid that includes at least one liquid and particles.

Benefits

A benefit of the present invention includes better control
over polishing. The mixing occurs near the point of use that
allows the polishing rate to be relatively high and less time
variable than batch mixing. Also, the polishing characteristics
for the embodiments of the present invention should be relatively
uniform across a substrate because the polishing fluid is mixed
prior to reaching the substrate. In other words, the polishing
fluid is not being initially mixed by the motion of a substrate
across a polishing pad. With the present invention, polishing
parameters may be established that are consistent from
substrate-to-substrate and lot-to-lot. This better control allows’
the polishing operation to be more automated without having to
occasionally running test substrates (as opposed to product
substrates).

Because the polishing fluid is initially mixed near the point
of use, the polishing fluid should have a higher polishing rate than
is achievable with a batch mixing system. As such, more
substrates may be polished over a period of time compared to
batch mixing. Further, the present invention does not have the
problem of a different polishing rate when new components are
added to an existing mixture within a tank. The present invention
uses fluid dynamics to mix the components as they flow to the
polisher. :

Another benefit of the present invention is that less waste
should be generated compared to a batch mixing system. When the
mixing section 12 is flushed or cleaned, only those portions of the
components within the mixing section 12 are not used. In general,
this volume is less than one liter and may be in a range of 50-250
milliliters. With a batch mixing system, typically at least four
liters, and usually more than ten liters, of polishing fluid is
affected. Almost always, the tank for batch mixing system is
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located outside the polisher. In addition to waste, the lifting and
transporting of components and maintenance requirements for the
tank are virtually eliminated.

Still yet another benefit is that a sealed mixer may be used.
A hood is not required to exhaust fumes. Further, if any of the
components of the polishing solution is affected or reacts with
air, the sealed mixer delays exposure until the polishing fluid is
near the platen 132. |

As previously pointed out, the components are not mixed on
the polishing pad. If the components are mixed on the polishing
pad, some of the mixing typically occurs by the polishing of the
substrate itseif. The chances of having an unusual local polishing
rate for each substrate are virtually eliminated when using the
present invention.

Because any number of components may be used in
formulating the polishing fluid, components may be stored such
that they have a virtually infinite shelf life prior to mixing. More
specifically, components that may affect or react with one
another are kept in separate feed lines prior to reaching the in-
line mixer. By segregating the components in this fashion, it is
possible to store the components for a long period of time
without having to worry about diminishing polishing rates from a
polishing fluid whose components have been mixed together prior
to entering the feed lines.

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof.
However, it will be evident that various modifications and
changes can be made thereto without departing from the broader
spirit or scope of the invention as set forth in the appended
claims. Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.
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Claims

1. A chemical-mechanical polisher for pollshmg a semuconductor
substrate characterised by:
a first feed line having an outlet;
a second feed line having an outlet;
a mixing section having an in-line mixer, inlet, and an
outlet, wherein:
the in-line mixer has a baffle, a ventun a plate
including an opening, or a helical plate;
the outlets of the first and second feed lines and are
connected to the inlet of the mixing section; and
a tub capable of receiving an effluent from the outlet of the
mixing section.

2. The chemical-mechanical polisher of claim 1, wherein the
mixing section further characterised by a manifold.

3. The chemical-mechanical polisher of claim 1, characterised
| such that:
the first feed line is capable of transporting a first fluid
including polishing particles; and
the second feed line is capable of transporting a second
fluid, wherein the second fluid includes a component
that is an acid or a base.

' Th s Sheet Has Been Reilaced
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4. A chemical-mechanical polisher for polishing a semiconductor
substrate characterised by:
a first feed line having an outlet;
a second feed line having an outlet;

5 a mixing section having a funnel, an inlet, and an outlet,
wherein the outlets of the first and second feed lines
and are connected to the inlet of the mixing section;
and _

a tub capable of receiving an effluent from the outlet of the
10 . mixing section. -

S
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5. The chemical-mechanical polisher' of claim 4, characterised

such that:
the first feed line is capable of transporting a first fluid
15 including polishing particles; and

the second feed line is capable of transporting a second
fluid, wherein the second fluid includes a component
that is an acid or a base.

Sheet Has Been Re‘ilaced
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6. A process for polishing a semiconductor substrate
characterised by the steps of: _
placing the semiconductor substrate in a chemical-
mechanical polisher; and
polishing the semiconductor substrate using a polishing
fluid, wherein the step of polishing includes a step of
providing the polishing fluid to the semiconductor
substrate that includes steps of:
flowing a first fluid through a first feed line having an
outlet;
flowing a second fluid through a second feed line
having an outlet;
mixing the first and second fluids within a mixing
section to form the polishing fluid, wherein:
the mixing section has an in-line mixer, an inlet,
and an outlet;
the in-line mixer has a baffle, a venturi, a plate
including an opening, or a helical plate; and
the outlets of the first and second feed lines and
are connected to the inlet of the mixing
section; and
flowing the polishing fluid through the outlet of the
mixing section to provide the polishing fluid to
the semiconductor substrate.

7. The process of claim 6, characterised such that the mixing
section further comprises a manifold. |

This Sheet Has Been Rerlaced
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8. The process of claim 6, characterised such that:
the step of flowing the first fluid is performed such that
the first fluid includes polishing particles;
the step of flowing the second fluid is performed such that
the second fluid includes a component; and
the polishing particles and component initially contact
during the step of mixing.

9. A process for polishing a semiconductor substrate
characterised by the steps of:
placing the semiconductor substrate in a chemical-
mechanical polisher; and
polishing the semiconductor substrate using a polishing
fluid, wherein the step of polishing includes a step of
providing the polishing fluid to the semiconductor
substrate that includes steps of:
flowing a first fluid through a first feed line having an
outlet; -
flowing a second fluid through a second feed line
having an outlet;
mixing the first and second fluids within a mixing
section to form the polishing fluid, wherein:
the mixing section has a funnel;
the mixing section has an inlet and an outlet; and
the outlets of the first and second feed lines and
are connected to the inlet of the mixing
section; and
flowing the polishing fluid through the outlet of the
mixing section to provide the polishing fluid to
the semiconductor substrate.

ThiS Sheet Has Been Rei
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10. The process of claim 9, characterised such that.
the step of flowing the first fluid is performed such that
the first fluid includes polishing particles;
the step of flowing the second fluid is performed such that
- the second fluid includes a component; and
the polishing particles and component initially contact
" during the step of mixing.
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