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(57) Abstract: A dual diaphragm pump comprises a
first chamber, a second chamber, a mechanical link,
and a drive mechanism. The first chamber comprises
a first cavity and a first diaphragm. The first chamber
couples a pump inlet to a pump outlet. The second
chamber comprises a second cavity and a second di-
aphragm. The second chamber couples the pump in-
let to the pump outlet. The mechanical link couples
the first diaphragm of the first chamber to the second
diaphragm of the second chamber. The drive mech-
anism couples to the first diaphragm and the second
diaphragm. In operation, the drive mechanism drives
the first diaphragm causing first fluid within the first
cavity to exit the pump outlet while causing second
fluid to be drawn from the pump inlet into the sec-
ond cavity. Further in operation, the mechanical link
imparts an inlet pressure force from the second di-
aphragm to the first diaphragm.
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DUAL DIAPHRAGM PUMP

RELATED APPLICATIONS
This application claims priority from U.S. Provisional Patent Application 60/208,823,
filed on Jun. 2, 2000, which is incorporated by reference.

FIELD OF THE INVENTION
This invention relates to the field of pumping. More particularly, this invention
relates to the field of pumping where a fluid being pumped is at an elevated pressure.

BACKGROUND OF THE INVENTION
A diaphragm pump of the prior art includes a diaphragm chamber, an inlet check

valve, an outlet check valve, and a drive mechanism. The diaphragm chamber includes a
pump cavity and a diaphragm. The diaphragm chamber couples to a pump inlet via the inlet
check valve. The diaphragm chamber couples to a pump outlet via the outlet check valve.
The drive mechanism couples to the diaphragm. In operation, the diaphragm and the pump
cavity initially retain a volume of fluid. Next, the drive mechanism causes the diaphragm to
be pushed into the pump cavity. This causes the inlet check valve to close and the outlet
check valve to open, which results in the volume of fluid exiting the pump outlet.

Normally, the diaphragm pump is used to boost pressure from a low pressure to a high
pressure. However, it would be advantageous to have a diaphragm pump that boosts pressure
from the high pressure to the high pressure plus a head pressure. Also, it would be
advantageous to have a diaphragm pump that boosts pressure from the high pressure in an
efficient manner.

What is needed is a diaphragm pump which boosts pressure from a high pressure to
the high pressuré plus a head pressure.

What is needed is a diaphragm pump which boosts pressure from a high pressure in an
efficient manner.
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SUMMARY OF THE INVENTION
A dual diaphragm pump of the present invention comprises a first chamber, a second

chamber, a mechanical link, and a drive mechanism. The first chamber comprises a first
cavity and a first diaphragm. The first chamber couples a pump inlet to a pump outlet. The
second chamber comprises a second cavity and a second diaphragm. The second chamber
couples the pump inlet to the pump outlet. The mechanical link couples the first diaphragm
of the first chamber to the second diaphragm of the second chamber. The drive mechanism
couples to the first diaphragm and the second diaphragm. In operation, the drive mechanism
drives the first diaphragm causing first fluid within the first cavity to exit the pump outlet
while causing second fluid to be drawn from the pump inlet into the second cavity. Further in
operation, the mechanical link imparts an inlet pressure force from the second diaphragm to
the first diaphragm. A

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the preferred diaphragm pump of the present invention.

FIG. 2 schematically illustrates an application of the preferred diaphragm pump of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred diaphragm pump of the present invention is illustrated in FIG. 1. The
preferred diaphragm pump 10 comprises first and second diaphragm chambers, 12 and 14,
first and second inlet check valves, 16 and 18, first and second outlet check valves, 20 and 22,
a mechanical link 24, and a drive mechanism 26. The first diaphragm chamber 12 comprises
a first pump cavity 28 and a first diaphragm 30. The second diaphragm chamber comprises a
second pump cavity 32 and a second diaphragm 34.

The first diaphragm chamber 12 is coupled to a pump inlet 36 via the first inlet check
valve 16. The first diaphragm chamber 12 is coupled to a pump outlet 38 via the first outlet
check valve 20. The second diaphragm chamber 14 is coupled to the pump inlet 36 via the
second inlet check valve 18. The second diaphragm chamber 14 is coupled to the pump
outlet 38 via the second outlet check valve 22. The mechanical link 24 couples the first
diaphragm 30 to the second diaphragm 34.

Preferably, the drive mechanism 26 is coupled to the mechanical link 24, which in
turn couples the drive mechanism 26 to the first and second diaphragms, 30 and 34.
Alternatively, the drive mechanism 26 is coupled to the first and second diaphragms, 30 and
34, independent of the mechanical link 24. Preferably, the mechanical link 24 is a solid
member. Alternatively, the mechanical link 24 is a liquid link such as an hydraulic link.
Further alternatively but with less effectiveness, the mechanical link 24 is a gas link such as a
pneumatic link.

‘ Operation of the preferred pump 10 occurs over a pump cycle, which has first and
second phases. In the first phase, the first pump cavity 28 and the first diaphragm 30 initially

_2.
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retain a first volume of fluid. Concurrently, the second pump cavity 32 and the second
diaphragm 34 retain only a second small residual volume of fluid. Next, the drive mechanism
26 drives the first diaphragm 30 into the first pump cavity 28 while concurrently withdrawing
the second diaphragm 34 from the second pump cavity 32. This causes the first inlet check
valve 16 to close and the first outlet check valve 20 to open causing most of the first volume
of fluid to be driven out the pump outlet 38 leaving a first small residual volume of fluid in a
first space defined by the first diaphragm 30 and the first pump cavity 28. This also causes
the second inlet check valve 18 to open and the second outlet check valve 22 to close causing
a second volume of fluid to be drawn into a second space defined by the second pump cavity
32 and the second diaphragm 34.

In the second phase, the second pump cavity 32 and the second diaphragm 34 initially
retain the second volume of fluid. Concurrently, the first pump cavity 28 and the first
diaphragm 30 retain the first small residual volume of fluid. Next, the drive mechanism
drives the second diaphragm 34 into the second pump cavity 32 while concurrently
withdrawing the first diaphragm 30 from the first pump cavity 28. This causes the second
inlet check valve 18 to close and the second outlet check valve 22 to open causing most of the
second volume of fluid to be driven out the pump outlet 38 leaving the second small residual
volume of fluid in the second space defined by the second pump cavity 32 and the second
diaphragm 34. This also causes the first inlet check valve 16 to open and the first outlet
check valve 20 to close causing the first volume of fluid to be drawn into the first space
defined by the first pump cavity 28 and the first diaphragm 30.

Preferably, the fluid at the pump inlet 36 is at an elevated gauge pressure, i.e., a
pressure above atmospheric pressure. Preferably, the preferred pump imparts a head pressure
to the fluid at the pump outlet 38. In such a situation, the drive mechanism 26 imparts a head
pressure force to the first diaphragm 30 during the first phase while the second diaphragm 34,
via the mechanical link 24, imparts an elevated gauge pressure force against the first
diaphragm 30 during the first phase.

A first phase work performed on the first volume of fluid includes a head pressure
work and an elevated gauge pressure work. The head pressure work is the product of the
head pressure and the first volume of fluid. The elevated gauge pressure work is the product
of the elevated gauge pressure and the first volume of fluid. Since the elevated gauge
pressure work in the first phase is imparted by the second diaphragm 34, the drive mechanism
26 only performs the head pressure work. Thus, the preferred pump 10 operates with an
efficiency advantage over a single diaphragm pump because the single diaphragm pump
would have to perform the elevated gauge pressure work as well as the pump head work.

An example illustrates the efficiency advantage of the preferred pump 10. If the
elevated gauge pressure is 900 psi, the head pressure is 100 psi, and the first volume of fluid
is 10 cu. ins., the total work performed on the first volume of fluid is 9,000 in. Ibs. while the
head pressure work is 1,000 in. Ibs. In this situation, the preferred pump 10 is 90% more
efficient than the single diaphragm pump.

-3
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A supercritical processing system employing the preferred pump 10 is schematically
illustrated in FIG. 2. Preferably, the supercritical processing 50 is used for processing
semiconductor substrates. Alternatively, the supercritical processing system 50 is used for
processing other workpieces. The supercritical processing system 50 comprises a fluid
reservoir 52, a high pressuré pump 54, a fill/shutoff valve 56, a supercritical processing
chamber 58, first and second circulation lines, 60 and 62, and the preferred pump 10.

The fluid reservoir 52 is coupled to the high pressure pump 54. The high pressure
pump is coupled to the supercritical processing chamber 58 via the fill/shutoff valve 56. The

‘preferred pump 10 is coupled to the supercritical processing chamber 58 via the first and

second circulation lines, 60 and 62. The supercritical processing chamber 58, the first
circulation line 60, the preferred pump 10, and the second circulation line 62 form a
circulation loop.

Operation of the supercritical processing system is divided into a fill phase, a
processing phase, and an exhaust phase. In the fill phase, the high pressure pump 54 pumps
fluid, preferably carbon dioxide, from the fluid reservoir 52 to the supercritical processing
chamber 58 until desired supercritical conditions are reached in the supercritical chamber 58
and throughout the circulation loop. Then the fill/shutoff valve 56 is closed and the high
pressure pump is stopped.

In the processing phase, the supercritical fluid is circulated through the circulation
loop by the preferred pump 10. Circulation of the supercritical fluid allows filtering of the
supercritical fluid, allows the supercritical fluid to pass through a chemical dispensing
mechanism, allows heating of the supercritical fluid, and allows energy to be imparted to the
supercritical fluid so that the supercritical fluid can do work such as turbulent mixing or
momentum transfer. For supercritical carbon dioxide, the elevated gauge pressure at the
pump inlet 36 is at least about 1,10 psi. Preferably, for the supercritical processing, the head
pressures is about 50-150 psi. At the end of the processing phase, the preferred pump 10 is
stopped.

In the exhaust phase, the supercritical processing chamber 58 is exhausted through an
exhaust line (not shown) to an exhaust gas collection vessel (not shown). |

Preferably, the supercritical fluid used in the supercritical processing system 50 is the
supercritical carbon dioxide. Alternatively, the supercritical fluid is another supercritical
fluid such as supercritical ammonia or supercritical water. '

The preferred pump 10 is advantageously configured for the supercritical processing
of the semiconductor substrates. As described above, the preferred pump 10 operates with
the efficiency advantage when the elevated gauge pressure exceeds the head pressure. Here,
the elevated head pressure for the supercritical carbon dioxide is at least about 1,100 psi
while the head pressure has a maximum of about 150 psi. So the preferred pump 10 will
operate with the efficiency advantage in the circulation loop. Further, processing of the
semiconductor substrates requires system components to be clean, to be reliable, and to not
generate particulates. Diaphragm pumps have few moving parts which generate particulates
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so the preferred pump 10 meets the non-generation of particulates criteria. Also, by
minimizing dead volume, employing a self cleaning design, and designing for reliable
operation, the preferred pump 10 will meet the cleanliness and reliability criteria.

The supercritical processing system 50 is a particular application for the preferred
pump 10. Alternatively, the preferred pump 10 is used in any application where fluid is
pumped from the elevated gauge (pressure to the elevated gauge pressure plus the head
pressure. Further alternatively, the preferred pump 10 will operate in any application where a
diaphragm pump operates.

It will be readily apparent to one skilled in the art that other various modifications
may be made to the preferred embodiment without departing from the spirit and scope of the

invention as defined by the appended claims.
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CLAIMS

A pump comprising:
‘a. a first chamber comprising a first cavity and a first diaphragm, the first

chamber coupled to a pump inlet and a pump outlet;

b. a second chamber comprising a second cavity and a second diaphragm,
the second chamber coupled to the pump inlet and the pump outlet;

C. a mechanical link coupling the first diaphragm of the first chamber to
the second diaphragm of the second chamber; and

d. a drive mechanism coupled to the first diaphragm and the second
diaphragm such that in operation the drive mechanism drives the first
diaphragm causing first fluid within the first cavity to exit the pump outlet
while causing second fluid to be drawn from the pump inlet into the second
cavity and further such that in operation the mechanical link imparts an inlet
pressure force from the second diaphragm to the first diaphragm.

The pump of claim 1 wherein the first chamber comprises a first inlet check
valve coupling the pump inlet to the first chamber and further wherein the first
chamber comprises an first outlet check valve coupling the first chamber to the pump
outlet.

The pump of claim 2 wherein the second chamber comprises a second inlet
check valve coupling the pump inlet to the second chamber and further wherein the
second chamber comprises an second outlet check valve coupling the second chamber
to the pump outlet.

The pump of claim 1 wherein the mechanical link comprises a solid link.

The pump of claim 1 wherein the mechanical link comprises a liquid link.

The pump of claim 5 wherein the liquid link comprises an hydraulic link.

The pump of claim 1 wherein the mechanical link comprises a gas link.

The pump of claim 7 wherein the gas link comprises an pneumatic link.

A pump comprising:

a. a first chamber comprising a first cavity and a first diaphragm;

b. a first inlet check valve coupling the first chamber to a pump inlet;
a first outlet check valve coupling the first chamber to a pump outlet;
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d. a second chamber comprising a second cavity and a second diaphragm;
a second inlet check valve coupling the second chamber the pump
© inlet;

f. a second outlet check valve coupling the second chamber to the pump
outlet; '

g. a mechanical link coupling the first diaphragm of the first chamber to
the second diaphragm of the second chamber; and

h. a drive mechanism coupled to the first diaphragm and the second
diaphragm.

A method of pumping a fluid at an elevated gauge pressure comprising the

steps of:

a. balancing a first diaphragm of a first diaphragm pump chamber against
a second diaphragm of a second diaphragm pump chamber using a mechanical
link; ,

b. driving the first diaphragm to impart a differential work to the fluid

within the first diaphragm pump chamber where the differential work
corresponds proximately to a first product of a pump head pressure and a
displaced volume of the first diaphragm pump chamber; and

c. assisting the first diaphragm pump chamber using the mechanical link
between the first and second diaphragms to impart a baseline work
corresponding proximately to a second product of the elevated gauge pressure
and the displaced volume of the first diaphragm chamber.
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