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FLUID DISPENSING APPARATUS

The invention relates to methods and apparatuses useful in dispensing fluids,
especially as applied to high precision process chemical delivery and flow control,
and especially but not exclusively with applications for dispensing process fluids in
microelectronic device processing.

Various commercial and industrial processes involve flow control, pumping,
or dispensing of fluids, often requiring or with benefit from high precision. An
example is processing of microelectronic devices, which are processed to be
cleaned, coated, and recycled. These processing steps can involve dispensing onto a
substrate a fluid such as a photoresist material, a developer, a spin-on dielectric
material, an etchant, a solvent, a cleanser, water, or another useful fluid. The
microelectronic device substrate may include a semiconductor material or assembly,
a thin-film “read-write” head, a flat panel display substrate, a fiber optic modulator
substrate, or similar known microelectronic devices.

For many reasons, some of which may relate to cost, quality control,
uniformity, or general manufacturing efficiency, it can be desirable in many specific
applications to precisely control the amount of a fluid applied to a substrate. For
example, in spin-coating microelectronic devices, application of a precisely accurate
amount of a photoresist material and/or a subsequent developing solution can result
in highly accurate and uniform thicknesses of each applied material, allowing very
high uniformity of the photoresist and developer coatings, and ultimately allowing
quality and consistency in a microelectronic device produced. A different
motivation for precise control of a volume of fluid could be where a fluid is a cost-
expensive component of a process, such as can also be the case for photoresist
materials and other materials involved in processing microelectronic devices.

Industry continues to search for new methods and equipment that offer
improved ability to dispense fluids, especially with very accurate and precise

volume control,
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The invention relates generally to apparatuses and methods for dispensing
fluids. The apparatuses can be useful for dispensing any type of fluids, but may be
particularly useful for applying processing fluids to microelectronic devices,
especially with semiconductor wafer substrates. The methods and apparatuses relate
in general to the use of fluid pressure differentials (e.g., pressure and vacuum) to
control the direction and amounts of fluid flow through a chamber by changing the
volume of the chamber, e.g., by expanding and compressing the chamber, in
combination with opening and closing inlets and outlets of the chamber, preferably
allowing for high precision control of the flow of fluid. “High precision” dispensing
means that an actual volume of dispensed fluid will be within one percent of a
targeted volume.

An apparatus of the invention can include a process chamber at least partially
enclosed by a control chamber. The volume of the process chamber can be
controlled by adding and removing control fluid to and from the control chamber.
An inlet of the process chamber can be connected through a valve to a process fluid
reservoir, and an outlet of the process chamber can be connected through a valve to
a location of dispense such as a microelectronic device manufacturing apparatus.

An apparatus of the invention can be used to cause flow of a fluid into and
out of the process chamber for dispensing, by controlling each of the input and
output valves in combination with the volume of the process chamber. Fluid can be
drawn into the process chamber through the input valve while the input valve is
opened and the outlet valve is closed, and fluid can be expelled from the process
chamber while the inlet valve is closed and the outlet valve is opened. The volume
of the process chamber can be controlled (i.e., increased and decreased while the
valves are opened and closed) by controlling the volume and/or pressure of control
fluid in the control chamber, e.g., by adding and removing control fluid to and from
the control chamber, or by otherwise increasing and decreasing the pressure inside
the control chamber.

One embodiment of an apparatus of the invention can be used to dispense
various different process fluids from a single apparatus, by including multiple

process chambers connected to different (or the same) fluids, the different process
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chambers being enclosed in a single control chamber and each being independently
valved at an outlet and an inlet.

The fluid dispensed can be any useful fluid, especially a processing fluid,
and especially where precise control of the amount of fluid dispensed is desired.
Exemplary process fluids for use with the apparatus and methods in the context of
processing a microelectronic device include photoresists, developers, solvents,
cleaners, water, and other useful processing solutions and fluids, and mixtures
thereof.

An aspect of the invention relates to an apparatus for dispensing a fluid to a
microelectronic device. The apparatus includes a process chamber enclosed by a
control chamber. The inlet of the process chamber can connect to a fluid reservoir.
The outlet of the process chamber can connect to a microelectronic device
manufacturing apparatus. The volume of the process chamber can be controlled by
an amount or pressure of control fluid in the control chamber.

Another aspect of the invention relates to an apparatus for dispensing two or
more fluids. The apparatus comprises two or more process chambers inside of one
control chamber. Each process chamber includes a fluid input connected to a valve
and a fluid output connected to a valve. The volume of each process chamber can be
controlled by an amount or pressure of control fluid in the control chamber.

Yet another aspect of the invention relates to a method of dispensing a
process fluid in processing a microelectronic device. The method includes

providing an apparatus for dispensing a process fluid to a microelectronic
device, the apparatus including a process chamber enclosed by a control chamber.
An inlet of the process chamber can be connected through a valve to a fluid
reservoir. An outlet of the process chamber can be connected through a valve to a
microelectronic device manufacturing apparatus. The volume of the process
chamber can be controlled by an amount of control fluid added to and removed from
the control chamber.

Yet another aspect of the invention relates to a method of dispensing
multiple fluids. The method includes providing an apparatus comprising two or
more process chambers inside of one control chamber. Each process chamber has a

fluid input connected to a valve and a fluid output connected to a valve. A volume
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of each process chamber can be controlled by an amount or pressure of control fluid

in the control chamber.

Figure 1 shows an embodiment of an apparatus of the invention comprising a
single process chamber.

Figure 2 is an end view of an embodiment of an apparatus of the invention
comprising multiple process chambers inside of a single control chamber.

Figure 3 illustrates an embodiment of an apparatus of the invention that
includes multiple process fluids and a control fluid regulated by vacuum.

Figure 4 illustrates an embodiment of an apparatus of the invention that
includes multiple process fluids and a gaseous control fluid directly regulating
pressure inside the control chamber.

The apparatus of the invention includes a control chamber, at least one and
optionally multiple process chambers enclosed by the control chamber, valving, and
control and process fluids, all arranged to allow control fluid to be added and
removed from the control chamber to cause fluid to flow into and out of the process
chamber. The apparatus can dispense fluid into and out of the process chamber by
controlling the volume of the process chamber, and by valving, e.g., by opening
input and output valves of the process chamber. The volume of the process chamber
can be controlled by controlling the volume and/or pressure of control fluid in the
control chamber, in contact with the process chamber, e.g., by adding and removing
control fluid to and from the control chamber.

An exemplary dispensing apparatus of the invention can include a process
chamber inside of a control chamber. The exemplary process chamber has an inlet,
an inlet valve, an outlet, and an outlet valve. The process chamber can be made of a
material that allows the volume of the process chamber to be increased or decreased
by applying and reducing pressure to the process chamber material, e.g., a flexible
material such as a flexible plastic or rubber tubing. The control chamber can be
made of an inflexible material such that changing the pressure or volume of fluid
inside the control chamber (containing a process chamber) does not substantially
alter the volume of the control chamber, i.e., the change of volume of the control

fluid inside of the control chamber will preferentially change the volume of the
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process chamber instead of the volume of the control chamber. Causing a fluid to
flow through the process chamber can be effected as follows. Pressure inside the
control chamber is reduced while a process chamber outlet valve is closed, and the
process chamber expands and increases in volume to draw process fluid into the
process chamber through an open inlet valve. The inlet valve is then closed and
pressure in the control chamber can be increased to decrease the volume of the
process chamber and expel process fluid from an open outlet valve.

The process chamber can be of any size and shape and made of any material,
to be useful according to the overall description herein. Exemplary process
chambers can be made of materials that are flexible so that the internal volume of
the process chamber can be increased or decreased by applying different pressures to
the outside of the process chamber. Preferred process chambers can be made of a
tubular material with one example being a tubular fluoropolymer such as tubular
Teflon®. Other shapes and materials will also be useful. Any volume can be useful
for the process chamber, but for certain embodiments of the invention where high
precision dispense techniques are desired, a process chamber volume in the range
from about 1 to about 500 milliliters (ml) may be particularly useful. Asa more
specific example, a process chamber for use with a microelectronic device
processing apparatus can be of a size that is about an order of magnitude greater than
the volume of a typical dispense; this relative size range can allow for only minor
deflection of the material defining the process chamber during dispensing, which
can allow for greater precision in dispensing. For a photoresist processing solution,
a volume of dispense can be in the range of milliliters, e.g., about 1 to about 5 ml, so
a process chamber volume can be in the range of tens of milliliters, e.g., from about
20 to about 40 ml, or about 30 ml. For a photoresist developer solution, a typical
volume of dispense can be in the range of tens of milliliters, e.g., 30 to 60 ml, or 40
to 50 ml, so a process chamber volume can be in the range of hundreds of milliliters,
e.g., 200 to 400 ml. High precision dispensing of these fluids can mean the actual
volume of dispensed fluid will be within one percent of a targeted volume.

Valves can be used to control flow of a process fluid at each of the inlet and
the outlet of the process chamber. One of skill will understand that these valves can

be of any nature and size suitable for use with the described process chamber and
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able to control fluid flow at the associated pressures, which for microelectronic
processing applications are not exceedingly high, e.g., for semiconductor processing
applications can generally be below about 10 atmospheres. A valve may be
controlled by a separate (internal or external) control mechanism, mechanically or
electronically (preferably by a high-precision electronic feedback control system), or
a valve may be a one-way valve that opens and closes based on a pressure
differential across the valve, allowing fluid to flow through the valve based on that
pressure differential, only in one direction. High-precision valves and controls can
be preferable for applications that contemplate dispense ofa highly precise amount
of fluid, i.e., “high precision dispense.”

Also useful in a high precision dispensing apparatus is a high precision,
feedback control, pressure regulating system, to control the amount and pressure of
control fluid in the control chamber, optionally and preferably in combination with
control of inlet and outlet valves of the process chambers. Useful high precision
electronic pressure or fluid flow regulating devices will be known by the skilled
artisan, and are commercially available from a number of sources, including SMC,
of Japan. Preferred such pressure regulating devices can control timing of flow, e.g.,
timing of opening and closing of input and output valves, to a matter of
milliseconds, more preferably to a matter of less than a millisecond, and even more
preferably to a matter of much less than a millisecond.

A preferred electronic control system can include one or more pressure
sensors such as pressure transducers, to measure pressure of a component of the
dispensing apparatus for feedback control such as the control fluid pressure or a
process fluid pressure. A pressure sensor can, for example, be located within the
control chamber, or multiple separate pressure sensors could be located within one
or more process chambers. Either of these arrangements could provide a useful
system. However, a single pressure sensor in a control chamber could allow for
variability in dispensing a process fluid, due to variabilities in the dispensing
apparatus, including variabilities in chamber volumes. A preferred location for a
pressure sensor in a spin-coating apparatus for dispensing microelectronic device
processing fluids according to the invention, can be at a dispense head inside a

processing chamber of a processing apparatus. Placing a pressure sensor at the



10

15

20

25

30

WO 03/029133 PCT/US02/30724
-7-
dispense head of a spin coater can advantageously eliminate certain variabilities
associated with the control chamber and process chamber volumes, allowing for
improved precision of the volume of dispensed fluid.

The control chamber can be of any size and shape that will be useful to
include one or more process chambers and an efficient amount of control fluid. A
typical control chamber for use with one or more tubular process chambers, can be
tubular, but could also be round, square, or rectangular, etc. The control chamber
can be made of material that is relatively inflexible so that the volume of the defined
control chamber will not experience a change when exposed to the pressures
experienced during use. Exemplary materials could include metals and plastics, e.g.
rigid materials such as a rigid tubular polyvinyl chloride, stainless steel, or another
metal or hard plastic. The control chamber can be of a size that will be able to
efficiently contain the one or more process chambers, at their volumes, and that can
additionally contain a workable volume of control fluid.

The process fluid (or simply “fluid”) can be any material known to be
usefully applied or coated onto a substrate, for processing, manufacturing, or use.
Exemplary process fluids for microelectronic device applications include photoresist
materials and developer solutions used in photolithographic methods; other materials
applied by spin-coating techniques such as dielectric materials, spin-on glass, spin-
on dopants, low k dielectrics, or a subsequently-applied developing solution;
cleaning materials or etchants such as solvents and other acidic or basic materials;
and any other material that can be used in processing a microelectronic device such
as a semiconductor wafer, especially where it is useful or desirable to precisely

-control the amount of the material applied. As just a single example, the inventive
method and apparatus could be used to apply a photodefinable spin-on dielectric
material (e.g., a polyimide or any other chemistry), and/or a subsequent developer
solution.

A variety of microelectronic devices can be processed according to the
inventive process, including integrated semiconductor circuits (e.g., semiconductor
wafers), display screens comprising liquid crystals, electric circuits on boards of
synthetic material (circuit boards), and other commercially significant materials and

products.



10

15

20

25

30

WO 03/029133 PCT/US02/30724
-8-

The control fluid can be any compressible or incompressible fluid, such as
air, an inert gas, or any of a variety of known and commercially available hydraulic
fluids such as silicones, fluoropolymers, etc.

The inventive dispensing apparatus can be useful with any general type of
processing or manufacturing equipment or any specific apparatus, especially those
of the type used in processing microelectronic devices and especially where precise
dispensing of a process fluid can be useful or advantageous. Examples of such
processing apparatuses are generally known and commercially available, and
include spin-coating apparatuses such as those described, for example, in Assignee’s
copending United States Patent Application Serial Number 09/583,629, entitled
“Coating Methods and Apparatuses for Coating,” filed May 31, 2000; and
Assignee’s copending United States Patent Application Serial Number 09/397,714,
entitled “Liquid Coating Device with Barometric Pressure Compensation,” filed
September 16, 1999; the entire disclosures of each of which are incorporated herein
by reference.

Figure 1 shows an exemplary dispensing apparatus according to the
invention. Figure 1 illustrates apparatus 2 having a control chamber 4 defined by an
enclosure (here a tube) 6, and an inner process chamber 8, defined by an inner
material (here a flexible tube) 10. Process fluid 12 is supplied at an inlet 14 of the
process chamber 8, through valve 22, from a fluid reservoir (not shown). Process
chamber 8 is connected at an outlet end 18, through outlet valve 24, to a processing
apparatus (not shown). Control fluid 20 is delivered to and removed from control
chamber 4 through passage 16. A control apparatus (not shown) for controlling one
or both of the pressure or volume of control fluid 20 in control chamber 4 is

_connected to control chamber 4 through passage 16.

In operation, control fluid 20 is delivered to and removed from control
chamber 4, through passage 16, providing a pressure difference between conirol
chamber 4 and process chamber 8, and causing the inner tube 10, and the volume of
process chamber 8, to precisely expand and contract on demand. Expansion of
process chamber 8 caused by reducing the pressure in, e.g., removing control fluid
from, control chamber 4, can (with valve 22 open and valve 24 closed) draw process

fluid 12 into process chamber 8 through inlet 14. Contraction of process chamber 8
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by increasing pressure or volume of control fluid in control chamber 4 can (with
valve 22 closed and valve 24 open) cause process fluid 12 to flow from process
chamber 8 through outlet 18. The amount of process fluid dispensed from apparatus
2 can in this way be very precisely controlled.

The dispensing apparatus of the invention, e.g., as illustrated by figure 1, can
be of any size. One embodiment of a dispensing apparatus of the invention, such as
illustrated by figure 1, can be miniaturized to fit as close as possible to a dispense
head, e.g., inside of a processing chamber as part of a dispense head of a spin
processing apparatus. As another embodiment, a dispensing apparatus shown in
figure 1, but including two or more process chambers, e.g., one for a photoresist
fluid and another for a developer solution, can be included in a spin coating
apparatus at or near a dispense head.

Also, while figure 1 illustrates inlet and outlet valves located in close
proximity to the ends of the control chamber and the process chamber, either or both
of the inlet and outlet valves could be positioned anywhere else in a system: e.g.,
inside the control chamber; outside the control chamber; inside a processing
apparatus, such as at a dispense head of a spin coating apparatus, at a fluid reservoir,
or anywhere else in between.

A cross section of an embodiment of a dispensing apparatus 30 of the
invention is shown in figure 2, which shows multiple process chambers 8 defined by
flexible inner tubings 10 located inside of a single control chamber 4 defined by
rigid outer tubing 6. Each of the different process chambers 8 can be used as
described above to dispense a different (or the same) fluid. For instance, one of the
process chambers 8 can be used to dispense a photolithographic photoresist material,
and another process chamber 8 of the same apparatus 30 can be used to dispense a
developer solution. Any variety of different process solutions can be dispensed to a
single piece of equipment such as a microelectronic device processing apparatus.

The same principles described above for a single process chamber apparatus
2 can used to dispense fluids from an apparatus 30 having multiple inner process
chambers 8 within a single outer control chamber 4. Each process chamber 8 can be
made of a flexible inner tubing material 10 such that the volume of each individual

process chamber 8 can be changed by applying pressure to each individual tubing
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material 10, by changing the volume or pressure of a control fluid in control
chamber 4, and with proper operation of individual inlet and outlet valves for each
process chamber 8. Flow of a process fluid through any one of the multiple process
chambers 8 can be effected as follows. With an inlet valve for a process chamber 8
open, and optionally and preferably with all other inlet and outlet valves of all other
process chambers closed, pressure inside control chamber 4 can be reduced to cause
the volume of the open-valved-process chamber to expand and draw fluid into that
process chamber, without a process fluid being draw into the other process
chambers. The open inlet valve is then closed. The outlet valve of that same
process chamber can be opened (with all other inlet and outlet valves being closed)
and pressure in control chamber 4 can be increased to decrease the volume of the
open-outlet-valve process chamber and expel process fluid from the outlet of that
process chamber. With proper individual control of each inlet valve and each outlet
valve of all of process chambers 8, each chamber can be controlled individually to
precisely dispense a fluid with only a single apparatus 30 having a single control
chamber 4 and a single control fluid.

Figure 3 illustrates a larger setup exemplifying the dispense apparatus of
figure 2, wherein multiple process chambers 8 are included in a single control
chamber 4. Figure 3 illustrates a number of process chambers 8, e.g., made of thin-
wall TEFLON tubing. Each inner process chamber 8 is connected through a
separate inlet valve 22 to one of several fluid reservoirs 32, each of which can
contain a different fluid. Each inner process chamber 8 also has its own outlet valve
24 leading to a point of dispense, such as a process bowl of a spin-coating apparatus
(not shown). By individually controlling the inlet and outlet valves related to each
of the individual process chambers 8, in combination with the pressure and/or
volume of control fluid 20 in control chamber 4, any one of the fluids of reservoirs
32 can be precisely dispensed using apparatus 42. In this apparatus 42, the pressure
within the control chamber is controlled by a control fluid 20 from a control fluid
reservoir 40, the pressﬁre of which is in turn controlled by regulated pressure 44 and
regulated vacuum 46. Regulated pressure 44 and vacuum 46 can control a gaseous
pressure fluid 50 into headspace 52 of reservoir 40. The gaseous pressure fluid 50

can be, for example, air or an inert gas such as nitrogen. Increasing the pressure or
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volume of pressure fluid 50 in headspace 52 of reservoir 40 will cause control fluid
20 to flow back and forth between fluid reservoir 40 and control chamber 4. Control
fluid 20 can be, for example, a liquid such as water or a hydraulic fluid, e.g., a
silicone or fluorocarbon hydraulic fluid, or any other, preferably substantially non-
compressible liquid.

In yet another embodiment, illustrated by figure 4, regulated vacuum 44 and
regulated pressure 46 can be directly applied to the control chamber 4, with the
control fluid in this embodiment being a gaseous fluid such as air or an inert gas
such as nitrogen.

As noted, the inventive methods and apparatuses can be used to apply
process fluids onto microelectronic devices such as semiconductor wafers, and
others. The disclosure specifically describes such applications. But, the invention
would be similarly useful in many other applications, as will be understood by the
skilled artisan, such as other processing situations where it may be advantageous for
any reason (e.g., cost or quality control or uniformity) to control with high precision

the amount of a solution applied to any substrate.
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Claims:
1. An apparatus for dispensing a fluid to a microelectronic device, the apparatus
comprising a process chamber enclosed in a control chamber, an inlet of the process
chamber connecting to a fluid reservoir, an outlet of the process chamber connecting
to a microelectronic device manufacturing apparatus, and a wherein a volume of the
process chamber can be controlled by an amount or pressure of control fluid in the

control chamber.

2. The apparatus of claim 1 wherein the apparatus comprises a plurality of
process chambers each comprising an inlet connected through a valve to a fluid
reservoir and an outlet connected through a valve to a microelectronic device
manufacturing apparatus, wherein a volume of each process chamber can be
independently controlled by an amount or pressure of control fluid in the control

chamber.

3. The apparatus of claim 1 wherein the process chamber is defined by a

flexible tube.

4, The apparatus of claim 1 wherein the control chamber is defined by a rigid
tube.

5. The apparatus of claim 1 wherein the process fluid is selected from the group
consisting of a photoresist, a developer, a solvent, a cleaner, water, and mixtures

thereof.

6. A microelectronic device processing apparatus comprising the dispensing

apparatus of claim 1.

7. A spin-coating apparatus comprising the dispensing apparatus of claim 1.

8. The spin-coating apparatus of claim 7 wherein the dispensing apparatus is

located at a dispense head.
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9. The spin-coating apparatus of claim 7 wherein the dispensing apparatus

comprises a pressure sensor located at a dispense head of the spin-coating apparatus.

10.  An apparatus for dispensing two or more fluids, the apparatus comprising
two or more process chambers inside of one control chamber, each process chamber
having a fluid input connected to a valve and a fluid output connected to a valve,
wherein a volume of each process chamber can be independently controlled by an

amount or pressure of control fluid in the control chamber.

11.  The apparatus of claim 10 wherein a process chamber is defined by an at

least partially flexible tube.

12.  The apparatus of claim 11 wherein the tube comprises a flexible

fluoropolymer.

13.  The apparatus of claim 10 wherein the control chamber is defined by a rigid
tube. "

14.  The apparatus of claim 13 wherein the rigid tube comprises polyvinyl

chloride or stainless steel.

15.  The apparatus of claim 10 wherein the control fluid is a liquid.

16.  The apparatus of claim 10 wherein the control fluid is a gaseous fluid.
17.  The apparatus of claim 10 wherein the process fluid is selected from the
group consisting of a photoresist, a developer, a solvent, a cleaner, water, and

mixtures thereof.

18. A microelectronic processing apparatus comprising the dispensing apparatus

of claim 10.
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19. A spin-coating apparatus comprising the dispensing apparatus of claim 10.

20.  The spin-coating apparatus of claim 19 wherein the dispensing apparatus is

located inside a processing chamber of the spin-coating apparatus.

21.  The spin-coating apparatus of claim 19 wherein the dispensing apparatus is

located at a dispense head of the spin-coating apparatus.

22.  The spin-coating apparatus of claim 19 wherein the dispensing apparatus

comprises a pressure sensor located at a dispense head of the spin-coating apparatus.

23. A method of dispensing a process fluid in processing a microelectronic
device, the method comprising
providing an apparatus for dispensing a fluid to a microelectronic
device, the apparatus comprising
a process chamber,
and a control chamber containing the process chamber,
an inlet of the process chamber connected through an inlet
valve to a fluid reservoir,
an outlet of the process chamber connected through an outlet
valve to a microelectronic device manufacturing apparatus,
wherein a volume of the process chamber is controlled by an amount of control fluid

in the control chamber.

24.  The method of claim 23 wherein the method comprises adding and removing
control fluid to and from the control chamber to cause a volume of the process

chamber to increase and decrease.

25. The method of claim 24 wherein
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process fluid is drawn into the process chamber by removing control
fluid from the control chamber with the process chamber outlet valve closed and the
inlet valve opened, and

process fluid is expelled from the process chamber by adding control

fluid to the control chamber with the inlet valve closed and the outlet valve opened.

26.  The method of claim 23 wherein the fluid comprises a liquid selected from
the group consisting of a photoresist, a developer, a solvent, a cleaner, water, and

mixtures thereof.

27.  The method of claim 23 wherein the apparatus comprising two or more
process chambers inside of one control chamber, each process chamber having a
fluid input through a valve and a fluid output through a valve, wherein a volume of
each process chamber can be independently controlled by an amount or pressure of

control fluid in the control chamber.

28.  The method of claim 25 wherein an actual volume of dispensed fluid is
within one percent of a targeted volume
29. A method of dispensing multiple fluids, the method comprising

providing an apparatus comprising two or more process chambers
inside of one control chamber, each process chamber having a fluid input through an
inlet valve and a fluid output through an outlet valve, wherein a volume of each
process chamber can be controlled by an amount or pressure of control fluid in the
control chamber,

and controlling a volume of one or more process chamber by an

amount or pressure of control fluid in the control chamber.

30. The method of claim 29 wherein the method comprises adding and removing
control fluid to and from the control chamber, with selective opening and closing of

inlet and outlet valves, to cause a volume of a single process chamber to increase
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and draw fluid into that process chamber and to decrease and expel fluid from that

process chamber.

31.  The method of claim 29 wherein

fluid is drawn into one process chamber with that process chamber
inlet valve opened, by removing control fluid from the control chamber with all
other inlet and outlet valves closed, and

the drawn fluid is expelled from the process chamber with that
process chamber outlet valve open, by adding control fluid to the control chamber

with all other inlet and outlet valves closed.

32.  The method of claim 29 wherein the fluid comprises a liquid selected from
the group consisting of a photoresist, a developer, a solvent, a cleaner, water, and

mixtures thereof.

33.  The method of claim 29 wherein an actual volume of dispensed fluid is

within one percent of a targeted volume
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