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AMENDED CLAIMS
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1. A multi-stage pump comprising:

a pump inlet flow path;

a pump outlet flow path;

a feed pump in fluid communication with the pump inlet flow path comprising:

a feed stage diaphragm movable in a feed chamber;

a feed piston to move the feed stage diaphragm;

a feed motor coupled to the feed piston to reciprocate the feed piston;

a dispense pump in fluid communication with the feed pump and the pump outlet

flow path, the dispense pump comprising;

a dispense diaphragm movable in a dispense chamber, wherein the dispense

diaphragm comprises a dispense rolling diaphragm;

a dispense piston to move the dispense diaphragm;

a dispense motor coupled to the dispense piston to reciprocate the dispense

piston;

a set of valves to selectively allow fluid flow through the multi-stage pump,

2. The multi-stage pump of Claim 1, wherein the feed stage diaphragm is a feed

stage rolling diaphragm.

3. The multi-stage pump of Claim 2, wherein the feed motor is a first brushless DC

motor and the dispense motor is a second brushless DC motor.

4 . The multi-stage pump of Claim 2, wherein the feed motor is a stepper motor and

the dispense motor is a brushless DC motor.

5 . The multi-stage pump of Claim 4, further comprising:

a first lead screw connected to the feed piston and movable by the feed motor; and

a second lead screw connected to the dispense piston movable by the dispense

motor whereby the feed and dispense pistons move, respectively, the feed and dispense

diaphragms directly.

6. The multi-stage pump of Claim 4, further comprising:

a feed stage outlet flow path in fluid communication with the feed chamber ;

a dispense stage inlet flow path in fluid communication with the dispense chamber;
and
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a filter in fluid communication with the feed stage outlet flow path and the dispense

stage inlet flow path such that fluid flowing from the feed stage pump to the dispense pump

passes through the filter.

7. The multi-stage pump of Claim 6, further comprising a vent flow path in fluid

communication with the filter.

8. The multi-stage pump of Claim 6, further comprising a purge flow path in fluid

communication with the dispense chamber,

9. The multi-stage pump of Claim 8, wherein the purge flow path leads from the

dispense chamber to the feed chamber.

10. The multi-stage pump of Claim 9, further comprising a dispense block formed

of a single piece of material defining at least a portion of the feed chamber and at least a

portion of the dispense chamber.

11. The multi-stage pump of Claim 10, wherein the dispense block further defines

first and second portion of the pump inlet flow path, a first and second portion of the feed

stage outlet flow path, first and second portion of the dispense stage inlet flow path, a first

and second portion of the vent flow path, a first and second portion of the purge flow path

and at least a portion of the pump outlet flow path.

12. The multi-stage pump of Claim 11, wherein:

the first portion of the pump inlet flow path leads from an inlet to an inlet valve and

the second portion of the pump inlet path leads from the inlet valve to the feed chamber;

the first portion of the feed stage outlet flow path leads from the feed chamber to an

isolation valve and the second portion of the feed stage outlet flow path leads to the filter;

the first portion of the dispense stage inlet flow path leads from the filter to a barrier

valve and the second portion of the dispense stage inlet flow path leads from the barrier

valve to the dispense chamber;

the first portion of the vent flow path leads from the filter to a vent valve and the

second portion of the vent flow path leads from the vent valve to a vent outlet;

the first portion of the purge flow path leads from the dispense chamber to a purge

valve and the second portion of the purge flow path leads from the purge valve to the feed

chamber.
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13. The multi-stage pump of Claim 12, further comprising a valve plate coupled to

the dispense block, the valve plate and dispense block defining valve chambers for the inlet

valve, isolation valve, barrier valve and purge valve.

14. The multi-stage pump of Claim 13, further comprising a sheet of elastom βric

material coupled between the valve plate and the dispense block.

15. The multi-stage pump of Claim 12, further comprising:

an electronics housing;

a manifold positioned in the electronics housing, the manifold in fluid

communication with the inlet valve, vent valve, isolation valve, barrier valve and purge valve,

the manifold comprising one or more solenoid valves; and

at least one supply line in communication with the manifold and penetrating the

electronics housing.

16. The multi-stage pump of Claim 15, wherein the electronics housing is partially

defined by a surface of the dispense block and the manifold is positioned at a distal location

in the electronics housing from the surface of the dispense block.

17. The multi-stage pump of Claim 15, further comprising a PCB board disposed in

the electronics housing, wherein the PCB board is configured with one or more heat

generating components on an opposite side of the PCB board from the surface of the

dispense block.

18. The multi-stage pump of Claim 17, further comprising a back plate, wherein the

manifold and PCB board are coupled to the back plate and wherein the back plate is formed

of a material selected to dissipate heat from the PCB board and the manifold.

19. The multi-stage pump of Claim 10, wherein the multi-stage pump further

comprises an electronics housing and wherein the dispense block comprises a sloped

feature to guide drips away from the electronics housing.

20. The multi-stage pump of Claim 10, wherein the dispense block further

comprises a flange located at an edge of the dispense block that contacts a top cover of the

electronics housing.

2 1. The multi-stage pump of Claim 20, wherein a top surface of the top cover is

flush With a top surface of the flange.
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22. The multi-stage pump of Claim 2 1, wherein a side surface of the top cover is

inwardly inset from an outer edge of the flange.

23 The multi-stage pump of Claim 22, further comprising:

a back plate partially defining the electronics housing;

a seal between the back plate and the top cover.

24. The multi-stage pump of Claim 19, further comprises one or more covers,

wherein each vertical surface of the one or more covers is inwardly offset from

corresponding vertical surfaces of the dispense block.

25. The multi-stage pump of Claim 1, further comprising a pressure sensor

positioned to read pressure in the dispense chamber.

26 A multi-stage pump comprising:

a pump inlet flow path;

a pump outlet flow path;

a single piece dispense block defining at least a portion of a dispense chamber in

fluid communication with the pump outlet flow path and at least a portion of a feed chamber

in fluid communication with the pump inlet flow path;

a filter in fluid communication with the feed chamber and the dispense chamber;

a feed stage diaphragm movable in the feed chamber;

a feed piston to move the feed stage diaphragm;

a feed motor coupled to the feed piston to reciprocate the feed piston;

a dispense diaphragm movable in the dispense chamber;

a dispense piston to move the dispense diaphragm; and

a dispense motor coupled to the dispense piston to reciprocate the dispense

piston.

27. The multi-stage pump of Claim 26, wherein the dispense block further defines

a first and second portion of the pump inlet flow path, a first and second portion of the feed

stage outlet flow path, a first and second portion of the dispense stage inlet flow path, a first

and second portion of a vent flow path, a first and second portion of a purge flow path and at

least a portion of the pump outlet flow path.

28. The multi-stags pump of Claim 27, wherein:

the first portion of the pump inlet flow path leads from an inlet to an inlet valve and

the second portion of the pump inlet path leads from the inlet valve to the feed chamber;
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the first portion of the feed stage outlet flow path leads from the feed chamber to an

isolation valve and the second portion of the feed stage outlet flow path leads to the filter;

the first portion of the dispense stage inlet flow path leads from the filter to a barrier

valve and the second portion of the dispense stage inlet flow path leads from the barrier

valve to the dispense chamber;

the first portion of the vent flow path leads from the filter to a vent valve and the

second portion of the vent flow path leads from the vent valve to a vent outlet;

the first portion of the purge flow path leads from the dispense chamber to purge

valve and the second portion of the purge flow path leads from the purge valve to the feed

chamber.

29. The multi-stage pump of Claim 28, further comprising a valve plate coupled to

the dispense block, the valve plate and dispense block defining valve chambers for the inlet

valve, isolation valve, barrier valve and purge valve.

30. The multi-stage pump of Claim 29, further comprising a sheet of elastomeric

material coupled between the valve plate and the dispense block.

31 . The multi-stgge pump of Claim 29, further comprising:

an electronics housing;

a manifold positioned in the electronics housing, the manifold in fluid

communication with the inlet valve, vent valve, isolation valve, barrier valve and purge valve,

the manifold comprising one or more solenoid valves; and

at least one supply line in communication with the manifold and penetrating the

electronics housing.

32. The multi-stage pump of Claim 31, wherein the electronics housing is partially

defined by a surface of the dispense block and the manifold is positioned at a distal location

in the electronics housing from the surface of the dispense block.

33. The multi-stage pump of Claim 31 , further comprising a PCB board disposed in

the electronics housing, wherein the PCB board is configured with one or more heat

generating components on an opposite side of the PCB board from the surface of the

dispense block.

34. The multi-stgge pump of Claim 33, further comprising a back plate, wherein the

manifold and PCB board are coupled to the back plate and wherein the back plate is formed

of a material selected to dissipate heat from the PCB board and the manifold.



35. The multi-stage pump of Claim 26, wherein the multi-stage pump further

comprises an electronics housing and wherein the dispense block comprises a sloped

feature to guide drips away from the electronics housing,

36. The multi-stage pump of Claim 35, wherein the dispense black further

comprises a flange located at an edge of the dispense block that contacts a top cover of the

electronics housing.

37. The multi-stage pump of Claim 36, wherein a top surface of the top cover is

flush with a top surface of the flange.

38. The multi-stage pump of Claim 37»wherein a side surface of the top cover is

inwardly inset from an outer edge of the flange.

39. The multi-stage pump of Claim 36, further comprising:

a back plate partially defining the electronics housing;

a seal between the back plate and the top cover.

40. The multi-stage pump of Claim 26 wherein the multi-stage pump further

comprises one or more covers, wherein each vertical surface of the one or more covers is

inwardly offset from a corresponding vertical surface of the dispense block.

4 1. The multi-stage pump of Claim 26, further comprising a pressure sensor
positioned to read pressure in the dispense chamber.

42. A multi-stage pump method comprising:

forming a dispense block of a single piece of material, the dispense block at least

partially defining a feed chamber, a dispense chamber, a pump inlet flow path and a pump

outlet flow path;

mounting a dispense rolling diaphragm between the dispense block and a dispense

pump piston housing;

mounting feed stage rolling diaphragm between the dispense block and a feed

pump piston housing;

coupling a feed pump piston to a feed pump motor via a feed pump lead screw;
coupling a dispense pump piston to a dispense pump motor via a dispense pump

lead screw;

coupling the feed motor to the feed pump piston housing; and

coupling the dispense motor to the dispense motor piston housing;

coupling a filter to the dispense block such that the filter is in fluid communication

with the dispense chamber and the feed chamber.
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43. The method of Claim 42. wherein the feed motor and dispense motors are

brushlβss DC motors.

44. The method of Claim 42, wherein the feed motor is stepper motor and the

dispense motor is a brushless DC motor.

45. The method of Claim 42, wherein the dispense block further defines a first and

second portion of the pump inlet flow path, a first and second portion of the feed stage outlet

flow path, a first and second portion of the dispense stage inlet flow path, a first and second

portion of a vent flow path, a first and second portion of a purge flow path and at least a

portion of the pump outlet flow path.

46. The method of Claim 45 wherein:

the first portion of the pump inlet flow path leads from an inlet to an inlet valve and

the second portion of the pump inlet path leads from the inlet valve to the feed chamber;

the first portion of the feed stage outlet flow path leads from the feed chamber to an

isolation valve and the second portion of the feed stage outlet flow path leads to the filter;

the first portion of the dispense stage inlet flow path leads from the filter to a barrier

valve and the second portion of the dispense stage inlet flow path leads from the barrier

valve to the dispense chamber;

the first portion of the vent flow path leads from the filter to a vent valve and the

second portion of the vent flow path leads from the vent valve to a vent outlet;

the first portion of the purge flow path leads from the dispense chamber to a purge

valve and the second portion of the purge flow path leads from the purge valve to the feed

chamber.

47. The method of Claim 46, further comprising coupling a valve plate to the

dispense block, wherein the valve plate at least partially defines one or more valves.

48. The method of Claim 47, wherein the valve plate partially defines the inlet

valve, vent valve, isolation valve, barrier valve, and purge valve.

49. The method of Claim 48, further comprising selectively directing vacuum

pressure to the inlet valve, vent valve, isolation valve, barrier valve, and purge valve.

50. The method of Claim 42, comprising:

inserting a set of metal rods with screw holes into the dispense block, wherein the

screw holes are aligned such that each rod is orthogonal to screws screwed in the screw

holes of that rod; and
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screwing screws into the screw holes to couple one or more components to the

dispense block.

5 1. The method of Claim 50, wherein the one or more components comprise the

dispense piston housing and dispense motor,

52. The method of Claim 50, wherein the one or more components comprise the

feed piston housing and the feed motor

53. A pump comprising:

a pump inlet flow path;

a pump outlet flow path;

a single piece dispense block defining at least a portion of a pump chamber in fluid

communication with the pump outlet flow path and the pump inlet flow path;

a diaphragm movable in the feed chamber;

a piston to move the diaphragm whereby the piston moves the diaphragm directly;

and

a motor coupled to the piston to reciprocate the piston.

54. The pump of Claim 53, wherein the dispense block further defines a first and

second portion of the pump inlet flow path, a first and second portion of a purge flow path

and at least a portion of the pump outlet flow path.

55 The pump of Claim 54, wherein:

the first portion of the pump inlet flow path leads from an inlet to an inlet valve and

the second portion of the pump inlet path leads from the inlet valve to the pump chamber;

the first portion of the purge flow path leads from the pump chamber to a purge

valve and the second portion of the purge flow path leads to a purge outlet.

56. The pump of Claim 55, further comprising a valve plate coupled to the

dispense block, the valve plate and dispense block defining valve chambers for the inlet

valve and purge valve.

57. The pump of Claim 56, further comprising a sheet of elastomeric material

coupled between the valve plate and the dispense block.

58. The pump of Claim 56, further comprising:

an electronics housing; and
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a manifold positioned in the electronics housing, the manifold in fluid

communication with the inlet valve and the purge valve, the manifold comprising one or more

solenoid valves; and

at least one supply line in communication with the manifold and penetrating the

electronics housing,

59. The pump of Claim 58, wherein the electronics housing is partially defined by a

surface of the dispense block and the manifold is positioned at a distal location in the

electronics housing from the surface of the dispense block,

60. The pump of Claim 59, further comprising a PCB board disposed in the

electronics housing, wherein the PCB board is configured with one or more heat generating

components on an opposite side of the PCB board from the surface of the dispense block.

6 1. The pump of Claim 60, further comprising a back plate, wherein the manifold

and PCB board are coupled to the back plate and wherein the back plate is formed of a

material selected to dissipate heat from the PCB board and the manifold.

62. The pump of Claim 53, wherein the multi-stage pump further comprises an

electronics housing and wherein the dispense block comprises a sloped feature to guide

drips away from the electronics housing.

63. The pump of Claim 62, wherein the dispense block further comprises a flange

located at an edge of the dispense block that contacts a top cover of the electronics housing,

64. The pump of Claim 63, wherein a top surface of the top cover is flush with a

top surface of the flange.

65. The pump of Claim 64 wherein a side surface of the top cover is inwardly inset

from an outer edge of the flange.

66. The pump of Claim 65, further comprising:

a back plate partially defining the electronics housing;

a seal between the back plate and the top cover.

67. The pump of Claim 66, wherein the pump further comprises one or more

covers, wherein each vertical surface of the one or more covers is inwardly offset from a

corresponding vertical surface of the dispense block.
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68, The pump of Claim 67, further comprising a pressure sensor positioned to read

pressure in the dispense chamber.
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