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METHOD AND SYSTEM FOR PUMP PRIMING 

RELATED APPLICATIONS 

[0001] The present application claims the benefit of priority under 35 USC 119(e) to United 
States Provisional Patent Application No. 61/405,055, entitled "Method and System 
for Pump Priming," to Braggin et ai., filed October 20, 2010, which is hereby fully 
incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This disclosure relates to systems and methods for priming dispense systems used 
in semiconductor manufacture. More particularly, embodiments described herein 

relate to priming dispense systems based on the type of filter and process fluid 
used. 
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BAGKGROUND 

[0003] There are many applications for which precise control over the amount and/or rate 

at which a fluid is dispensed by a dispensing apparatus is necessary. In 
semiconductor processing, for example, it is important to control the amount and 

rate at which photochemicais, such as photoresist chemicals, are applied to a 

semiconductor wafer. The coatings applied to semiconductor wafers during 
processing typically require a uniformity of thickness across the surface of the 
wafer that is measured in angstroms. The rates at which processing chemicals are 

applied to the wafer must be controlled in order to ensure that the processing liquid 
is applied uniformly. 

[0004] Many photochemicais used in the semiconductor industry today are very 

expensive, frequently costing upwards of $1000 a liter. Therefore, it is preferable 
to ensure that chemical processing equipment is operating correctly. Additionally, it 

is desirable to reduce the cycle time for dispensing fluid on a wafer. 

[0005] Many current photochemical dispense systems utilize filters to remove impurities 

from the process fluid. In such systems, the filter must be primed to fully wet the 

filter and multiple dispenses performed to flush all the air out of the filter before the 
pump is ready for production dispenses. It can take hours of dispense cycles 

before the pump is ready. Each non-production dispense cycle that occurs leads to 

wasted fluid and machine time. 
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SUMMARY OF THE DISCLOSURE 

[0006] Embodiments described herein provide systems and methods for controlling the 

operation of a pump to perform a filter priming cycle. The filter priming cycle can be 

optimized for a process fluid and filter type. By optimizing the priming routine, the 

number of dispense cycles needed before a pump is ready to dispense fluid to 

wafers is minimized. In particular, embodiments described herein can include 

priming routines optimized for multiple membrane filters. Even more particularly, 

the priming routines can involve a back pressure stage in which the filter is 

pressurized from downstream for a period of time and a back flush stage in which 

the filter is flushed from downstream. Such priming routines have been found to be 

beneficial for use with multiple membrane filters. 

[0007] According to a first aspect of the present invention, there is provided a pump for 

semiconductor manufacturing comprising: one or more motors to draw fluid into an 

inlet of the pump and dispense fluid from an outlet of the pump. The pump can 

further include a removable filter disposed in a fluid flow path between the pump 

inlet and the pump outlet and a pump controller. The pump controller can be 

configured to select a priming routine from a set of priming routines based on a 

filter type and process fluid. The set of priming routines can include a first priming 

routine that includes a forward pressurization segment for a first type of removable 

filter and a second priming routine for that includes a back pressurization segment 

for a second type of removable filter. The pump controller can control the pump to 

perform the selected priming routine to prime the removable filter. 

[0008] According to one embodiment, the pump controller can select the first priming 

routine for a first type of removable filter and select the second priming routine for a 

second type of removable filter. According to one embodiment, the first type of 

removable filter has a single filter membrane and the second type of removable 

filter has multiple filter membranes. Controlling the pump to perform the selected 

priming routine when the second priming routine is selected can include introducing 

a process fluid to the removable filter and back-pressurizing the removable filter for 

a predetermined period of time. According to one embodiment, the pump controller 

can be configured to back pressurize the removable filter for 5-10 minutes at 5-25 

psi. 
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[0009] According to a second aspect of the present invention, there is provided a method 

for priming a filter in a semiconductor manufacturing pump comprising: connecting 

a removable filter to the pump, selecting a priming routine for the removable filter 

based on a filter type and process fluid and operating the pump according to the 

selected priming routine. Operating the pump according to the selected priming 

routine can include introducing a process fluid to the removable filter and back-

pressurizing the removable filter for a predetermined period of time. 

[0010] According to a third aspect of the present invention, there is provided a computer 

program product comprising a non-transitory storage medium storing a set of 

computer executable instructions comprising instructions executable to: receive 

filter information and process fluid information; select a priming routine for the 

removable filter based on the filter information and process fluid information; 

operate a pump according to the selected priming routine, wherein operating the 

pump according to the selected priming routine comprises introducing a process 

fluid to the removable filter and back-pressurizing the removable filter for a 

predetermined period of time. 

[0011] Another embodiment can include a dispense system having a pump and a pump 

management system. The pump can include one or more motors to draw fluid into 

an inlet of the pump and dispense fluid from an outlet of the pump, a removable 

filter in a fluid flow path between the pump inlet and pump outlet, an electronic tag 

reader positioned and configured to read the filter information from the electronic 

tag and a pump controller. The pump controller can be coupled to the electronic 

tag reader and configured to receive filter information from the electronic tag 

reader, communicate the filter information over a communications link and control 

operation of the pump to dispense a fluid. The pump management system can be 

configured to receive the filter information from the pump, access a library of 

operating routines based on the filter information and a process fluid information to 

select an operating routine for the pump. The pump management system can 

communicate the selected operating routine to the pump controller. The operating 

routines can include priming routines that include a back pressure and back flush 

segments. 



WO 2012/054706 PCT/US2011/057061 

-5-

BRIEF DESCRIPTION OF THE DRAWING 

[0012] A more complete understanding of the embodiments and the advantages thereof 

may be acquired by referring to the following description, taken in conjunction with 

the accompanying drawings in which like reference numbers indicate like features 
and wherein: 

[0013] FIGURE 1 is a diagrammatic representation of one embodiment of a portion of a 
semiconductor manufacturing system; 

[0014] FIGURE 2 is a diagrammatic representation of a multiple stage pump {"multi-stage 
pump") according to one embodiment; 

[0015] FIGURES 3 and 4A-4G are diagrammatic representations of valve and motor 

timings for various embodiments of dispense cycles; 

[0016] FIGURE 5 is a diagrammatic representation showing a view of one embodiment of 
a pump; 

[0017] FIGURE 6 is a diagrammatic representation showing another view of one 
embodiment of a pump; 

[0018] FIGURE 7 is a diagrammatic representation of one embodiment of a filter and a 

manifold; 

[0019] FIGURE 8 is a diagrammatic representation of one embodiment of a filter; 

[0020] FIGURE 9 is a diagrammatic representation of one embodiment of a valve 

assembly; 

[0021] FIGURE 10 is a diagrammatic representation of one embodiment of a pump and 

connections; 

[0022] FIGURE 11 is a diagrammatic representation of one embodiment of a system for 
controlling operation of a pump; 

[0023] FIGURE 12 is a flow chart illustrating of one embodiment of a method for affecting 

the operation of a pump using a filter information tag; 
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[0024] FIGURE 13 is a diagrammatic representation of one embodiment of a method for 
optimizing priming of a pump; 

[0025] FIGURE 14 is a flow chart illustrating one embodiment of a priming routine; 

[0026] FIGURE 15 is a flow chart illustrating another embodiment of a priming routine; 

[0027] FIGURE 16 is a flowchart illustrating yet another embodiment of a priming routine; 

[0028] FIGURE 17 is a chart of the results of priming a multiple membrane filter; 

[0029] FIGURE 18 is a diagrammatic representation of one embodiment of optimizing a 
dispense cycle for a pump; and 

[0030] FIGURE 19 is a diagrammatic representation of one embodiment of a software 

architecture. 
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DETAILED DESCRIPTION 

[0031] The disclosure and the various features and advantageous details thereof are 
explained more fully with reference to the non-limiting embodiments that are 
illustrated in the accompanying drawings and detailed in the following description. 

Descriptions of well known starting materials, processing techniques, components 

and equipment are omitted so as not to unnecessarily obscure the disclosure in 

detail. Skilled artisans should understand, however, that the detailed description 

and the specific examples, while disclosing preferred embodiments, are given by 
way of illustration only and not by way of limitation. Various substitutions, 

modifications, additions or rearrangements within the scope of the underlying 

inventive concept(s) will become apparent to those skilled in the art after reading 

this disclosure. 

[0032] FIGURE 1 is a diagrammatic representation of one embodiment of a portion of a 

semiconductor manufacturing system 10 for dispensing fluid from a fluid reservoir 

15 onto a wafer 17. System 10 can also include a pump controller 20 and pump 

25. Pump controller 20 can be onboard pump 25 or connected to pump 25 via a 
one or more communications links for communicating control signals, data or other 

information. Pump controller 20 controls pump 25 to dispense fluid onto wafer 17. 
System 10 can also include external valves such as a stop/suckback valve 27 that 
can prevent dripping at the dispense nozzle. 

[0033] Pump 25 may include a removable filter 35 that has electronically readable filter 
information tag 40 containing filter information 45. Filter information 45 can include 

any information about filter 35 and other information that can be stored in an 

electronically readable tag. A tag reader 50 is provided to read filter information 45 
from filter information tag 40 and provide the information to pump controller 20, a 

system management computer or other computer. 

[0034] In one embodiment, filter information tag 40 can be an active or passive RFID tag 

and tag reader 50 can be an RFID tag reader. In other embodiments, filter 
information tag 40 can be a bar code or other optically readable code and tag 

reader 50 can be a bar code scanner or other scanner capable of reading tag 40. 

[0035] Examples of filter information 45 include, but are not limited to, part number, design 
style, membrane type, retention rating, generation of the filter, configuration of the 
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filter membrane, lot number, serial number, a device flow, membrane thickness, 

membrane bubble point, particle quality, filter manufacturer quality information or 

other information. The design style indicates the type of pump for which the filter is 
designed, the capacity/size of the filter, amount of membrane material in the filter or 

other information about the design of the filter. The membrane type indicates the 

material and/or thickness of the membrane. The retention rating indicates the size 
of particles that can be removed with a particular efficiency by the membrane. The 

generation of the filter indicates whether the filter is a first, second, third or other 
generation of the filter design. The configuration of the filter membrane indicates 

whether the filter is pleated, the type of pleating or other information regarding the 

design of the membrane. The serial number provides the serial number of the 
individual filter. The lot number can specify the manufacturing lot of the filter or 

membrane. The device flow indicates the flow rate the filter can handle while still 

producing good dispenses. The device flow can be determined during manufacture 

for the individual filter. The membrane bubble point provides another measure of 

the flow rates/pressure the filter can handle and still produce good dispenses. The 

membrane bubble point can also be determined during manufacture for the 
individual filter. The above examples are provided by way of explanation are not 
limiting of the information that can be contained in filter information 45. 

[0036] Filter information 45 can include a part number that conveys a variety of 

information. For example, each letter in the example part number format 
"Aabcdefgh" can convey a different piece of information. Table 1 below provides 

an example of information conveyed by the part number: 



WO 2012/054706 

-9-

PCT/US2011/057061 

Table 1 

Letter Information Examples 
A Connectology 
a Design Style -Indicates the 

type of pump for which the 
filter is designed. 

For IntelliGen Pump Filters: 
P=wide body pump 
(IntelliGem or lnteliiGen2) 
2 or M= InteliiGenS or 
IntelliGen Mini Pump 

b Membrane Type-Type of 
Membrane Used in Filter 

A = thin UPE 
U = thick UPE 
S = asymmetric 
nylon and UPE or other 
combination) 
M = PCM (chemically 
modified UPE) 
N = nylon 

c Retention Rating G = 0.2um 
V = 0.1um 
Z = 0.05um 
Y = 30nm 
X = 20nm 
T = 10nm 
F = 5nm 
K= 3nm 

d Generation-generation of 
filter 

i- 
C

M
 

>
 >

 
li 

il 
O

 C
J 

e RFID R=RFID 

f Pleat-Type of Pleating 
Used in Filter 

0 = Standard 
M = M pleat 

g Where O-Ring is Located 0=OM 
K=Karlez 
E=EPDM 
R=0-ringless 

h How Many Filters in a Box 1=1 per box 
3=3 per box 

'0037] Using the example of Table 1, the part number A2AT2RMR1 for an Impact pump 
filter would indicate that the connectology of the filter, the filter is designed for an 
IntelliGen Pump (Impact and IntelliGen are trademarks of Entegris, Inc. of Billerica, 

MA.), the membrane is thin UPE, has a retention rating of 10nm, the filter is a 

version 2 filter, the filter includes an RFID tag, the filter membrane has an M-pleat, 

the filter is O-ringless and there is one filter per box. The use of a part number to 
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convey information is provided by way of example and filter information can be 
conveyed in other manners. 

[0038] In operation, filter 35 can be coupled to pump 25. Tag reader 50 reads filter 

information 45 from tag 40 and communicates the filter information 45 to pump 

controller 20. Pump controller 20 processes filter information 45 or passes the filter 
information 45 on to a pump management system (discussed below). Pump 

controller 20 can apply rules to filter information 45 to determine whether and how 

to operate pump 25. Additionally, pump controller 20 can adjust the operation of 
pump 25 during a dispense cycle based on filter information 45. 

[0039] Pump controller 20 (or other system) can also use fitter information 45 to correlate 

good or bad operations to filter characteristics. During operation, pump controller 
20 can track a variety of operational data for pump 25. The information tracked by 

pump controller 20 can include any operational parameters made available to 

controller 20 and any information calculated by pump controller 20. Some 

nonlimiting examples of operational data include pressure, parameters related to 
valve operation, motor positions, motor speeds, hydraulic pressure or other 

parameters (such as temperature if the pump includes temperature sensors). This 
information can be used to determine whether the dispense is/was a good 

dispense. This can be done after a dispense has occurred or in real time during 
the dispense cycle. 

[0040] The operational data can be correlated to the filter information 45 so that the effect 

of the various filter parameters on dispense quality can be identified. As an 

example, pump controller 20 can record the lot number of a filter so that operational 

data of pump 25 can be correlated to that lot. This information can be used to 
identify whether a particular lot of filters produced better or worse results compared 
to another lot of filters of the same design. Similarly, the serial number can be 
used to track operational data versus an individual filter to help determine if the 

individual filter was the cause of bad coatings. As yet another example, operational 

data can be correlated to membrane bubble points to determine if filters having the 

same part number but different membrane bubble points had different dispense 
results. Recording information from tag 40 and tracking information about 

dispenses can help optimize selection and even manufacture of filters. 
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[0041] Pump 25 can be any suitable pump including a single stage pump or multiple stage 

{"multi-stage") pump. Example multi-stage pumps include, but are not limited to the 
Entegris Intelligen Mini Dispense System, the Entegris Inteliigen HV dispense 

system and other multi-stage pumps. FIGURE 2 is a diagrammatic representation 

of one embodiment of a multi-stage pump 25. Multi-stage pump 25 includes a feed 
stage portion 105 and a separate dispense stage portion 110. Located between 

feed stage portion 105 and dispense stage portion 110, from a fluid flow 
perspective, is filter 35 to filter impurities from the process fluid. A number of 

valves can control fluid flow through multi-stage pump 25 including, for example, 
inlet valve 125, isolation valve 130, barrier valve 135, purge valve 140, vent valve 
145 and outlet valve 147. Dispense stage portion 110 can further include a 

pressure sensor 112 that determines the pressure of fluid at dispense stage 110. 

The pressure determined by pressure sensor 112 can be used to control the speed 
of the various pumps as described below. Example pressure sensors include 

ceramic and polymer piezoresistive and capacitive pressure sensors, including 

those manufactured by Metallux AG, of Korb, Germany. According to one 

embodiment, the face of pressure sensor 112 that contacts the process fluid is a 
perfiuoropolymer. Pump 25 can include additional pressure sensors, such as a 

pressure sensor to read pressure in feed chamber 155, temperature sensors and 
other sensors. 

[0042] Feed stage 105 and dispense stage 110 can include rolling diaphragms to pump 

fluid in multi-stage pump 25. Feed-stage pump 150 ("feed pump 150"), for 

example, includes a feed chamber 155 to collect fluid, a feed stage diaphragm 160 
to move within feed chamber 155 and displace fluid, a piston 165 to move feed 

stage diaphragm 160, a lead screw 170 and a stepper motor 175. Lead screw 170 

couples to stepper motor 175 through a nut, gear or other mechanism for imparting 
energy from the motor to lead screw 170. According to one embodiment, feed 

motor 175 rotates a nut that, in turn, rotates lead screw 170, causing piston 165 to 

actuate. Dispense-stage pump 180 ("dispense pump 180") can similarly include a 
dispense chamber 185, a dispense stage diaphragm 190, a piston 192, a lead 

screw 195, and a dispense motor 200. Dispense motor 200 can drive lead screw 
195 through a threaded nut (e.g., aTorlon or other material nut). 

[0043] In other embodiments, feed stage 105 and dispense stage 110 can include other 

types of pumps including pneumatically or hydraulically actuated pumps, hydraulic 
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pumps or other pumps. One example of a multi-stage pump using a pneumaticaiiy 
actuated pump for the feed stage and a stepper motor driven hydraulic pump is 

described in United States Patent Application No. 11/051,576 entitled 'PUMP 

CONTROLLER FOR PRECISION PUMPING APPARATUS" by inventors Zagars et 
al., filed February 4, 2005 now issued as Patent No. 7,476,087 on January 13, 

2009, which is hereby fully incorporated by reference herein. The use of motors at 

both stages, however, provides an advantage in that the hydraulic piping, control 

systems and fluids are eliminated, thereby reducing space and potential leaks. 

Examples of multi-stage pumps using motors in both the feed stage and dispense 

stage are provided in United States Patent Application No. 11/602,464 entitled 
"SYSTEM AND METHOD FOR A PUMP WITH REDUCED FORM FACTOR" by 

inventors Cedrone et al, filed November 20, 2006; and United States Patent 
Application No. 12/218,325 entitled "METHOD AND SYSTEM FOR HIGH 

VISCOSITY PUMP" by inventors Cedrone et al, filed July 14, 2008; which are 

hereby fully incorporated by reference herein. 

[0044] Feed motor 175 and dispense motor 200 can be any suitable motor. According to 

one embodiment, dispense motor 200 is a Permanent-Magnet Synchronous Motor 
("PMSM"). The PMSM can be controlled by a digital signal processor ("DSP") 

utilizing Field-Oriented Control ("FOC") or other type of position/speed control 

known in the art at motor 200, a controller onboard multi-stage pump 25 or a 
separate pump controller (e.g. as shown in FIGURE 1). PMSM 200 can further 

include an encoder (e.g., a fine line rotary position encoder) for real time feedback 

of dispense motor 200's position. The use of a position sensor gives accurate and 
repeatable control of the position of piston 192, which leads to accurate and 
repeatabie control over fluid movements in dispense chamber 185. For, example, 

using a 2000 line encoder, which according to one embodiment gives 8000 pulses 

to the DSP, it is possible to accurately measure to and control at .045 degrees of 

rotation, in addition, a PMSM can run at low velocities with little or no vibration. 

Feed motor 175 can also be a PMSM or a stepper motor. It should also be noted 

that the feed pump can include a home sensor to indicate when the feed pump is in 
its home position. 

[0045] During operation of multi-stage pump 25, the valves of multi-stage pump 25 are 

opened or closed to allow or restrict fluid flow to various portions of multi-stage 

pump 25. According to one embodiment, these valves can be pneumatically 
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actuated (i.e., gas driven) diaphragm valves that open or close depending on 

whether pressure or a vacuum is asserted. All or some of the valves can also be 
other types of valves. 

[0046] Multi-stage pump 25 can be controlled according to a variety of control schemes 

including, but not limited to those described in United States Provisional Patent 
Application No. 60/741,682 entitled "SYSTEM AND METHOD FOR PRESSURE 
COMPENSATION IN A PUMP" by Inventors Cedrone et al., filed December 2, 

2005; United States Patent Application No. 11/502,729 entitled "SYSTEMS AND 
METHODS FOR FLUID FLOW CONTROL IN AN IMMERSION LITHOGRAPHY 

SYSTEM" by Inventors Clarke et al., filed August 11, 2006, now issued as Patent 

No. 7,443,483 on October 28, 2008; United States Patent Application No. 
11/602,472, entitled "SYSTEM AND METHOD FOR CORRECTING FOR 

PRESSURE VARIATIONS USING A MOTOR" by Inventors Cedrone et al., filed 

November 20, 2006; United States Patent Application No. 11/292,559 entitled 

"SYSTEM AND METHOD FOR CONTROL OF FLUID PRESSURE" by Inventors 

Gonnella et al., filed December 2, 2005; United States Patent Application No. 
11/364,286 entitled "SYSTEM AND METHOD FOR MONITORING OPERATION 

OF A PUMP" by inventors Gonnella et al., filed February 28, 2006; United States 
Patent Application No. 11/602,508, entitled "SYSTEM AND METHOD FOR 

PRESSURE COMPENSATION IN A PUMP" by Inventors Cedrone et al., filed 

November 20, 2006; and United States Patent Application No. 11/602,449, entitled 

"I/O SYSTEMS, METHODS AND DEVICES FOR INTERFACING A PUMP 

CONTROLLER" by Inventors Cedrone et al., filed November 20, 2006, each of 
which is fully incorporated by reference herein. 

[0047] According to one embodiment, multi-stage pump 25 can include a ready segment, 

dispense segment, fill segment, pre-filtration segment, filtration segment, vent 
segment, purge segment and static purge segment. During the feed segment, inlet 

valve 125 is opened and feed stage pump 150 moves (e.g., pulls) feed stage 

diaphragm 160 to draw fluid into feed chamber 155. Once a sufficient amount of 
fluid has filled feed chamber 155, inlet valve 125 is closed. During the filtration 

segment, feed-stage pump 150 moves feed stage diaphragm 160 to displace fluid 

from feed chamber 155. Isolation valve 130 and barrier valve 135 are opened to 

allow fluid to flow through filter 35 to dispense chamber 185. Isolation valve 130, 

according to one embodiment, can be opened first (e.g., in the "pre-filtration 
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segment") to allow pressure to build in filter 35 and then barrier valve 135 opened 
to allow fluid flow into dispense chamber 185. According to other embodiments, 

both isolation valve 130 and barrier valve 135 can be opened and the feed pump 

moved to build pressure on the dispense side of the filter. 

[0048] During the filtration segment, dispense pump 180 can be brought to its home 

position. As described in United States Provisional Patent Application No. 
60/630,384, entitled "SYSTEM AND METHOD FOR A VARIABLE HOME 

POSITION DISPENSE SYSTEM" by Laverdiere, et al. filed November 23, 2004; 

United States Patent Application No. 11/666,124, entitled "SYSTEM AND 

METHOD FOR A VARIABLE HOME POSITION DISPENSE SYSTEM" by 

Laverdiere, et al. filed September 30, 2008; and PCT Application No. 

PCT/US2005/042127, entitled "SYSTEM AND METHOD FOR VARIABLE HOME 

POSITION DISPENSE SYSTEM", by Applicant Entegris, Inc. and Inventors 

Laverdiere et a!., filed November 21, 2005; all of which are hereby incorporated by 

reference, the home position of the dispense pump can be a position that gives the 
greatest available volume at the dispense pump for the dispense cycle, but is less 

than the maximum available volume that the dispense pump could provide. The 
home position is selected based on various parameters for the dispense cycle to 

reduce unused hold up volume of multi-stage pump 25. Feed pump 150 can 

similarly be brought to a home position that provides a volume that is less than its 

maximum available volume. 

[0049] At the beginning of the vent segment, isolation valve 130 is opened, barrier valve 

135 closed and vent valve 145 opened. In another embodiment, barrier valve 135 
can remain open during the vent segment and close at the end of the vent 

segment. During this time, if barrier valve 135 is open, the pressure can be 

understood by the controller because the pressure in the dispense chamber, which 

can be measured by pressure sensor 112, will be affected by the pressure in filter 
35. Feed-stage pump 150 applies pressure to the fluid to remove air bubbles from 

filter 35 through open vent valve 145. Feed-stage pump 150 can be controlled to 

cause venting to occur at a predefined rate, allowing for longer vent times and 
lower vent rates, thereby allowing for accurate control of the amount of vent waste. 

If feed pump is a pneumatic style pump, a fluid flow restriction can be placed in the 

vent fluid path, and the pneumatic pressure applied to feed pump can be increased 
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or decreased in order to maintain a "venting" set point pressure, giving some 
control of an otherwise un-controlled method. 

[0050] At the beginning of the purge segment, isolation valve 130 is closed, barrier valve 

135, if it is open in the vent segment, is closed, vent valve 145 closed, purge valve 

140 opened and inlet valve 125 opened. Dispense pump 180 applies pressure to 
the fluid in dispense chamber 185 to vent air bubbles through purge valve 140. 

During the static purge segment, dispense pump 180 is stopped, but purge valve 
140 remains open to continue to vent air. Any excess fluid removed during the 

purge or static purge segments can be routed out of multi-stage pump 25 (e.g., 

returned to the fluid source or discarded) or recycled to feed-stage pump 150. 

During the ready segment, inlet valve 125, isolation valve 130 and barrier valve 135 

can be opened and purge valve 140 closed so that feed-stage pump 150 can reach 

ambient pressure of the source (e.g., the source bottle). According to other 
embodiments, ail the valves can be closed at the ready segment. 

[0051 ] During the dispense segment, outlet valve 147 opens and dispense pump 180 
applies pressure to the fluid in dispense chamber 185. Because outlet valve 147 

may react to controls more slowly than dispense pump 180, outlet valve 147 can be 
opened first and some predetermined period of time later dispense motor 200 

started. This prevents dispense pump 180 from pushing fluid through a partially 

opened outlet valve 147. Moreover, this prevents fluid moving up the dispense 
nozzle caused by the valve opening, followed by forward fluid motion caused by 

motor action. In other embodiments, outlet valve 147 can be opened and dispense 
begun by dispense pump 180 simultaneously. 

[0052] An additional suckback segment can be performed in which excess fluid in the 

dispense nozzle is removed. During the suckback segment, outlet valve 147 can 

close and a secondary motor or vacuum can be used to suck excess fluid out of the 
outlet nozzle. Alternatively, outlet valve 147 can remain open and dispense motor 

200 can be reversed to such fluid back into the dispense chamber. The suckback 
segment helps prevent dripping of excess fluid onto the wafer. 

[0053] Referring briefly to FIGURE 3, this figure provides a diagrammatic representation of 
valve and dispense motor timings for various segments of the operation of multi­

stage pump 25 of FIGURE 2. Other sequences are shown in FIGURES 4A-G. 
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While several valves are shown as closing simultaneously during segment 

changes, the closing of valves can be timed slightly apart {e.g., 100 milliseconds) to 
reduce pressure spikes. For example, between the vent and purge segment, 

isolation valve 130 can be closed shortly before vent valve 145. It should be noted, 

however, other valve timings can be utilized in various embodiments. Additionally, 
several of the segments can be performed together (e.g., the fill/dispense stages 

can be performed at the same time, in which case both the inlet and outlet valves 

can be open in the dispense/fill segment). It should be further noted that specific 
segments do not have to be repeated for each cycle. For example, the purge and 

static purge segments may not be performed every cycle. Similarly, the vent 

segment may not be performed every cycle. Moreover, various segments can be 
put together in specific cycles (e.g., a vent cycle that involves multiple segments) 
and the cycles put together into a larger cycle. 

[0054] The opening and closing of various valves can cause pressure spikes in the fluid 

within multi-stage pump 25. Because outlet valve 147 is closed during the static 
purge segment, closing of purge valve 140 at the end of the static purge segment, 
for example, can cause a pressure increase in dispense chamber 185. This can 
occur because each valve may displace a small volume of fluid when it closes. 

More particularly, in many cases before a fluid is dispensed from chamber 185 a 

purge cycle and/or a static purge cycle is used to purge air from dispense chamber 
185 in order to prevent sputtering or other perturbations in the dispense of the fluid 

from multi-stage pump 25. At the end of the static purge cycle, however, purge 

valve 140 closes in order to seal dispense chamber 185 in preparation for the start 

of the dispense. As purge valve 140 closes it forces a volume of extra fluid 

(approximately equal to the hold-up volume of purge valve 140) into dispense 

chamber 185, which, in turn, causes an increase in pressure of the fluid in dispense 
chamber 185 above the baseline pressure intended for the dispense of the fluid. 

This excess pressure (above the baseline) may cause problems with a subsequent 

dispense of fluid. These problems are exacerbated in low pressure applications, as 

the pressure increase caused by the closing of purge valve 140 may be a greater 
percentage of the baseline pressure desirable for dispense. 

[0055] More specifically, because of the pressure increase that occurs due to the closing 

of purge valve 140 a "spitting" of fluid onto the wafer, a double dispense or other 

undesirable fluid dynamics may occur during the subsequent dispense segment if 
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the pressure is not reduced. Additionally, as this pressure increase may not be 

constant during operation of multi-stage pump 25, these pressure increases may 

cause variations in the amount of fluid dispensed, or other characteristics of the 
dispense, during successive dispense segments. These variations in the dispense 

may in turn cause an increase in wafer scrap and rework of wafers. Various 

embodiments account for the pressure increase due to various valve closings 
within the system to achieve a desirable starting pressure for the beginning of the 

dispense segment, account for differing head pressures and other differences in 

equipment from system to system by allowing almost any baseline pressure to be 
achieved in dispense chamber 185 before a dispense. 

[0056] In one embodiment, to account for unwanted pressure increases to the fluid in 
dispense chamber 185, during the static purge segment dispense motor 200 may 

be reversed to back out piston 192 a predetermined distance to compensate for 

any pressure increase caused by the closure of barrier valve 135, purge valve 140 

and/or any other sources which may cause a pressure increase in dispense 

chamber 185. 

[0057] Thus, embodiments described herein provide a multi-stage pump with gentle fluid 

handling characteristics. By compensating for pressure fluctuations in a dispense 

chamber before a dispense segment, potentially damaging pressure spikes can be 
avoided or mitigated. Embodiments of a multi-stage pump can also employ other 

pump control mechanisms and valve timings to help reduce deleterious effects of 

pressure on a process fluid. 

[0058] FIGURE 5 is a diagrammatic representation of one embodiment of pump 25 having 

a pump main body 300 and a manifold 325. Pump 25 can include a dispense block 
305 that at least partially defines the fill chamber, dispense chamber and portions 

of flow passages described above in conjunction with Figure 2. Dispense block 

305, according to one embodiment, can be a unitary block of PTFE, modified PTFE 
or other material. Because these materials do not react with or are minimally 

reactive with many process fluids, the use of these materials allows flow passages 

and pump chambers to be machined directly into dispense block 305 with a 
minimum of additional hardware. 
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[0059] Dispense block 305 can include various external inlets and outlets including, for 

example, inlet 310 through which the fluid is received and dispense outlet 315 
through which fluid is dispensed during the dispense segment Dispense block 

305, in the example of FIGURE 5, does not include an external purge outlet as 

purged fiuid can be routed back to the feed chamber. In other embodiments, 
however, fluid can be purged externally. 

[0060] A valve plate 320 can work in cooperation with dispense block 305 to form some or 

all of the valves of pump 25. One embodiment of a valve plate is illustrated in 
Figure 8 below. In other embodiments, some or ail of the valves can be external. 

[0061] A cover 322 provides protection for various components of pump 25, including feed 

motor 175 and dispense motor 200. Cover 322 can also provide protection for 
pistons, pump controller 20, fluid lines, pneumatic lines and other components. 

[0062] A manifold 325 provides a connection for filter 35. Filter 35 can connect to 

manifold 325 using any suitable mechanism, including, but not limited to the filter 

connections described in United States Provisional Patent Application No. 

60/741,667, entitled "O-RING-LESS LOW PROFILE FITTING AND ASSEMBLY 

THEREOF" by Inventor Gashgaee, filed December 2, 2005; and United States 
Patent Application No. 11/602,513, entitled "O-RING-LESS LOW PROFILE 
FITTINGS AND FITTING ASSEMBLIES" by Inventor Gashgaee, filed November 
20, 2006 now issued as Patent No. 7,547,049 on June 16, 2009; which are hereby 
fully incorporated by reference herein. Flow passages in manifold 325 can connect 

internally or externally to flow passages in dispense block 305. Manifold 325 can 

include an integrated tag reader 50 that is positioned to read a filter information tag 
on the filter. 

[0063] According to one embodiment, an outlet 330 from dispense block 305 can be in 

fluid communication with an inlet 335 on manifold 325 and an outlet 340 from 

manifold 325 can be in fluid communication with an inlet 345 on dispense block 305 
to complete a flow path for filter 35 connected to manifold 325. In the embodiment 

of FIGURE 5, manifold 325 can include a vent outlet 350 that can be in fluid 

communication with an external vent valve. Manifold 325 and the pump main body 
300 can include connections 355 and 360 to allow integrated tag reader 50 to 
electrically connect to the pump controller. 



WO 2012/054706 

-19-

PCT/US2011/057061 

[0064] Pump 25 can aiso include inlet 365 and outlet 370 that can connect to vacuum and 

pressure sources. According to one embodiment, selective application of vacuum 
or pressure can be used to open and close various valves defined by valve plate 

320. FIGURE 6 illustrates that pump 25 can include connections 375 for various 

communications links and power. Connections 375, according to one embodiment, 
can be configured so that pump 25 can hook into existing electrical tracks for 

pumps. 

[0065] FIGURE 7 is a diagrammatic representation of one embodiment of filter 35 
connected to manifold 325. Manifold 325 can include a quick change mechanism 

for filters to allow filters to be easily connected to or removed from manifold 325. 

Any quick change mechanism or other mechanism known or developed in the art 

for connecting a filter 35 to manifold 325 or to otherwise connect filter 35 to the 

pump can be used. One embodiment of a connection mechanism for a filter is 

described in PCT Patent Applicant No. US2008/082289 (Publication No. 

2009/059324), filed November 3, 2008, entitled "0-Ringless Seal Couplings", by 
Towle et al. which claims priority to United States Provisional Application No. 
60/985,103, which are hereby fully incorporated by reference herein. Another 

embodiment can include a separation module such as described in United States 

Patent No. 7,163,237, entitled "Separation Module," to Niermeyer et al, issued Jan. 

16, 2007, which is hereby fully incorporated by reference herein. According to one 
embodiment, filter 35 can include a bowl 380 and head 387. Bowl 380 can be 

shaped to accommodate a filter cartridge and head 387 can be shaped shaped to 

accommodate a quick change mechanism of manifold 325. Tag reader 50 is 
positioned to read a filter information tag attached to or embedded in filter 35. 

[0066] FIGURE 8 illustrates one embodiment of filter 35. Head 387 can include an outlet 

port 389, vent port 390 and inlet port 392 that are sized and shaped to complement 
ports on manifold 325. O-rings can be disposed in outlet port 389, vent port 390 

and inlet port 392 to prevent leaks. Head 387 can be shaped and sized to allow 

insertion into a quick change out device of a pump. For ease of installation, head 

387 can include a handle portion 395 that can include features to ease gripping by 
a robot or human. 

[0067] According to one embodiment, filter 35 can include a filter information tag 40. For 

example, a RFID, Bluetooth, IR, other wireless protocol or other identification 
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device can be placed on filter 35. The identification device can include 

manufacturer information about the filter (type of filter, retention rating, protocol for 

running the filter (by way of example, but not limitation, recipe variables, 

parameters, equations, curves for operations using the filter), priming/filling 

sequence for the filter pressure drop characteristics, fiow rate, pore size or other 

information). While filter information tag 40 is Illustrated as attached to the side of 
filter 35, filter information tag 40 can also be coupled to filter 35 in other manners. 

For example, filter information tag 40 can be press fit in a tag receiving portion of 

bowl 380 or head 387. In other embodiments, filter information tag 40 can be 
embedded in material that forms head 387 or bowl 387 or can be otherwise 
coupled to filter 35. 

[0068] FIGURE 9 is a diagrammatic representation of one embodiment of a valve 

assembly comprising dispense block 305 and valve piate 320 to form a valve 400. 
Valve plate 320 can provide a valve housing for a system of valves including one or 
more of inlet valve 125, isolation valve 130, barrier valve 135 and purge valve 140. 

According to one embodiment, each valve is at least partially integrated into valve 

plate 320 and is a diaphragm valve that is either opened or closed depending on 
whether pressure or vacuum is applied to the corresponding diaphragm. In other 

embodiments, some of the valves may be external to dispense block 305, arranged 

in additional valve plates or otherwise be provided. 

[0069] According to one embodiment, a sheet of material 405 is sandwiched between 

valve piate 320 and dispense block 305 to form the diaphragms of the various 

valves. According to one embodiment material 305 can be a sheet of PTFE or 
other flexible material. Valve plate 320 forms a valve seat 410 into which material 

405 can move. According to one embodiment, valve seat 410 has a shape to 

which material 405 can contour without ieaving dead space. An O-ring 415 can be 
disposed in an annular groove 420 around the edge of each valve. O-ring 415 can 

be disposed on the valve plate side, dispense block side or O-rings can be 

disposed on both sides. Fluid can flow into and out of valve 400 through fluid flow 
passage 425 and 430. Flow passages 425 and 430 can be placed and sized as 
needed or desired. 

[0070] According to one embodiment, valve plate 320 can be configured to reduce the 

hoid-up volume of the valve, eliminate volume variations due to vacuum 
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fluctuations, reduce vacuum requirements and reduce stress on the valve 

diaphragm. Example valve configurations are described in United States Patent 
Application No. 11/602,464 entitled "SYSTEM AND METHOD FOR A PUMP WITH 

REDUCED FORM FACTOR" by inventors Cedrone et a!, filed November 20, 2006; 

arid United States Patent Application No. 12/218,325 entitled "METHOD AND 

SYSTEM FOR HIGH VISCOSITY PUMP" by inventors Cedrone et al, filed July 14, 
2008; which are hereby fully incorporated by reference herein 

[0071] Valve plate 320 can include a valve control inlet 435 for each valve to apply 

pressure or vacuum to the corresponding diaphragm or portion of a diaphragm. By 
the selective application of pressure or vacuum to the inlets, the corresponding 
valves are opened and closed so that fluid flow from inlet 425 to outlet 430 is 
restricted or allowed. According to one embodiment, the application of pressure or 
vacuum can be regulated by a solenoid valve 440 that either opens valve control 

supply line 445 to pressure from a pressure source 450 or vacuum from a vacuum 

source 455. 

[0072] FIGURE 10 is a diagrammatic representation of one embodiment of pump 25 and 

connections to other components. In the embodiment of FIGURE 10, pump 25 
includes an on-board pump controller that can be connected to pump track 460. 

Pump track 460 can allow multiple pumps to be set up in a compact space and can 

provide connections for I/O signals (represented at 465), serial communications 

(represented at 470) and electrical connections (represented at 475). Track 460 

can also provide pneumatic connections for pressure/vacuum used to open and 

close valves (represented at 480). 

[0073] The inlet of pump 25 can be connected to a fluid supply, such as resist bottle or 

other fluid supply 15. The output of pump 25 can be connected to a stop and 
suckback valve between the outlet of pump 25 and the wafer. Pump 25 can 

include internal or external fluid connections (represented at 495) between manifold 

325 and other portions of pump 25. Additionally, pump 25 can include electrical 

connections (represented at 497) between the tag reader of manifold 325 and the 
pump controller or other electronics of pump 25. 

[0074] FIGURE 11 is a diagrammatic representation of one embodiment of a system for 

controlling the operation of pump 25. Pump controller 20 can be onboard pump 25 
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or connected to pump 25 via one or more communications links for communicating 

control signals, data or other information. Pump controller 20 can be implemented 
as an onboard PCB board, remote controller or in other suitable manner. 

Additionally, the functionality of pump controller 20 can be distributed between an 

onboard controller and another controller. 

[0075] According to one embodiment, pump controller 20 can include a computer readable 
medium 55 (e.g., RAM, ROM, Flash memory, optical disk, magnetic drive or other 

computer readable medium) containing a set of control instructions 60 for 
controlling the operation of multi-stage pump 20. A processor 65 (e.g., CPU, ASIC, 

RISC, DSP or other processor) can execute the instructions. One example of a 

processor is the Texas Instruments TMS320F2812PGFA 16-bit DSP (Texas 

instruments is Dallas, TX based company). In another embodiment, instructions 

60 can be implemented as hardware. Additionally, pump controller 20 can include 

a variety of computer components known in the art including additional processors, 

memories, interfaces, display devices, peripherals or other computer components 
not shown for the sake of simplicity. 

[0076] A set of interfaces 70 can allow pump controller 20 to communicate serial, parallel 
or analog data/signals to motors, valves or other components and receive 

data/signals from sensors, tag reader 50, controllers or other components of pump 

25, For example, pump controller 20 can send signals to feed motor 175 (see 

FIGURE 2), dispense motor 200 (see FIGURE 2), solenoids to control solenoid 

valves 440 (see FIGURE 9) and other components of pump 25. Pump controller 
20 can generate signals to directly control components or can generate signals that 

are interpreted by valve, motor or other controllers to operate components of pump 

25. Pump controller 20 can also receive analog or digital signals from sensors, 
such as pressure sensor 112 (see FIGURE 2), tag reader 50 and other 
components of pump 25. Interfaces 70 can include analog and digital interfaces as 

needed and there may be additional components between interfaces 70 and 

processor 65, such as, but not limited to, analog to digital converters, filters and 
other signal processing components. 

[0077] According to one embodiment, pump controller 20 can also include an interface 80 

to connect to a pump management system. Interface 80 can allow pump controller 

20 to connect to a network (e.g., Ethernet, wireless network, global area network, 
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DeviceNet network or other network known or developed in the art), a bus (e.g., 

SCSI bus) or other communications link. An I/O interface connector as described 
in United States Provisional Patent Application No. 60/741,657, entitled "I/O 

INTERFACE SYSTEM AND METHOD FOR A PUMP," by Cedrone et al., filed 

December 2, 2005; and United States Patent Application No. 11/602,449, entitled 
1/0 SYSTEMS, METHODS AND DEVICES FOR INTERFACING A PUMP 

CONTROLLER," by Cedrone et al., filed November 20, 2006, which are hereby 

fully incorporated by reference herein, can be used to connect pump controiier 20 
to a variety of interfaces and manufacturing tools. 

[0078] Pump controller 20 can connect to a pump management system 85 that can 
provide instructions to pump controller 20 on the operation of pump 25. Pump 

management system 85 can be a computer or network of computers that connect 

to pump controller 20 to provide dispense recipes or other information to pump 

controiier 20. Pump management system 85 can also collect operational data from 

pump controller 20. Pump management system 85 can connect to multiple pumps 
to provide centralized control and data collection. According to one embodiment, 

pump management system 85 can maintain a data repository 90 of operational 
data 97 collected from a number of pumps. Data repository can be a database, file 

system or other data storage system. 

[0079] In operation, pump controller 20 can receive filter information 45 from tag reader 
50. Pump controiier 20 can execute instructions 60 to analyze information 45 and 

determine whether or how to operate pump 25. According to one embodiment, 

pump controller 20 can apply rules to information 45. As one example, pump 
controller 20 can compare information 45 to stored information 95 to determine 
whether to operate the pump. By way of example, but not limitation, this can 

include comparing a part number to an expected part number to determine if the 

filter is acceptable to be used with pump 25. Additionally, if the filter is acceptable, 
pump controller 20 can determine how to operate pump 25 based on filter 

information 45. In another embodiment, pump controller 20 can send filter 

information 45 to pump management system 85 and pump management system 85 

can apply rules to determine whether or how to operate pump 25. 

[0080] Stored information 95 can be provided to pump controller 20 through a user 

interface, by pump management system 85 or other can be otherwise provided. In 
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one embodiment, pump controiier 20 can store information 95 from a particuiar 
filter. For example, pump controiier 20 can store fiiter information 45 from a filter as 
stored information 95. 

[0081] Pump controiier 20 can also store operational data 97 and correlate the operational 
data 97 to filter information 45. In another embodiment, pump controller 20 can 

forward operational data 97 to pump management system 85 and pump 

management system 85 can correlate the operational data 97 to filter information 
45. 

[0082] Analysis of the operational data versus various fiiter characteristics can be used to 

heuristicaily update the rules for determining whether and how to operate pump 25. 

For example, pump controller 20 may initially apply a rule such that a filter having a 

particular part number Is acceptable, if over time it is discovered that filters having 

the acceptable part number and a first range of membrane bubble points resulted 
in good dispense coatings, but filters having the same part number and a second 

range of membrane bubble points resulted in an increased number of bad dispense 
coatings, the pump controller 20 or pump management system 85 can update the 

rules such that pump controller 20 will not operate with a fiiter having a membrane 
bubble point in the second range of membrane bubble points, even if the filter has 
an acceptable part number. Thus, analysis of data can be used to update the 
decision making of pump controller 20 or pump management system 85. 

[0083] According to one embodiment, filter information 45 can be used to optimize the 

operation of pump 25. Pump controller 20 and/or pump management system 85 

can maintain a library of operating routines 100. When filter information 45 is 
received, fiiter information and other parameters for a dispense can be used to 
determine the appropriate operating routine. For example, optimal operating 

routines can be empirically established for different filters and fluids and stored in 
library 100. Using the kinematic viscosity, fluid type or other parameter and at least 

some of filter information 45, pump controller 20 or pump management system 85 

can access library 100 and determine the optimal operation of pump 25. Library 
100 may include a library of complete dispense cycles or libraries of optimal 

segments of dispense cycles that optionally can be assembled into a complete 

dispense cycle. Library 100 can also include routines for priming a filter or other 
pump operations. 
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[0084] FIGURE 12 is a diagrammatic representation of one embodiment of a method for 

controlling the operation of a pump based on filter information. Various processing 
steps in FIGURE 12 can be performed by pump controller 20, pump management 

system 85 or other device. When a new fiiter is connected to a pump (step 505), 

an electronic tag reader can read a set of filter information from the tag (step 510). 
A set of rules can be applied to the filter information to determine if the filter is 

appropriate (step 515). The rules for determining whether a filter is appropriate can 

depend on the filter information and other factors, such as the process fluid, 

environmental properties, required cycle time or other factors. For example, a rule 
may be applied such that, if the process fluid has a certain viscosity, a filter will only 

be considered appropriate if it has a specific part number or certain part number 
and bubble point. Thus, the rules applied can depend on multiple pieces of filter 

information and other information. If the filter is not an appropriate filter, a 

corresponding action can be taken (step 520). Otherwise, operation of the pump 

can proceed (step 525). 

[0085] According to one embodiment, a filter part number can be compared to an 

expected or allowable part number to determine if the part number matches (step 
515). If the part number matches, operation of the pump can proceed (step 525). 

If the part number does not match, the pump controller (or other device) can 

determine that operation of the pump should not proceed (step 520). An alarm or 
notification can be generated to notify a pump management system or human user 

that the filter connected to the pump is not appropriate. The steps of FIGURE 12 
can be repeated as needed or desired. 

[0086] If the filter is appropriate for a dispense operation, the filter information can be used 

to determine the operating routine of the pump. This can include determining the 

priming routine, the dispense cycle, particular segments of the priming routine or 
dispense cycle or otherwise determining how to operate the pump. According to 

one embodiment, the optimal priming routine and dispense cycle for the filter and 
fluid/fluid property combination can be determined. 

[0087] In general, it is desirable to minimize the amount of time needed for priming and to 

run a dispense cycle. The type, number and length of segments in the dispense 

cycle and priming routine can depend on the characteristics of the filter being used, 
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the dispense fluid and other factors. Embodiments can inciude a library of 

operating routines that specify optimal operating routines, cycles or segments. 

[0088] FIGURE 13 is a diagrammatic representation of one embodiment of a method for 
optimizing priming of a pump. Various processing steps in FIGURE 13 can be 

performed by pump controiier 20, pump management system 85 or other device. 

Filter information and fluid properties are gathered (steps 605 and 607). This can 
include, for example, receiving filter information stored on an electronically 
readable tag on the fiiter. Additional information that can be collected may include 

recipe information, a desired cycle time or other information. Using the fiiter 
information, fluid information and/or other information, a priming routine can be 
selected from a library of priming routines (step 610). 

[0089] If pump management system 85 determines the optima! priming routine of the 

pump, pump management system 85 can provide the information necessary to 
pump controller 20 to implement the priming routine. After receiving the 

information for the priming routine (or after pump controller 20 determines the 

priming routine from the library), pump controller 20 can implement the priming 
routine (step 615). 

[0090] The priming routine can be monitored (step 620) and adjusted (step 625). 

According to one embodiment, the priming routine can be adjusted by pump 

controller 20 on the fly. For example, the priming routine for a particular filter part 
number may specify a maximum pressure used during priming. However, the filter 

device flow may indicate that the individual filter can operate at a higher pressure. 

The pump controller 20 can adjust the priming routine to use a higher pressure 
and, therefore, prime in a shorter time. In another example, pump controller 20 

may determine that the pressure during the priming routine is exceeding the 

pressure that should be expected during the priming routine. Pump controller 20 
can slow the priming routine for that filter. Pump controiier 20 may otherwise adjust 

the operation of the pump based on monitoring the operation of the pump and the 

filter information. Priming can continue until priming is complete or otherwise 

terminated (step 630). The steps of FIGURE 13 can be repeated as needed or 

desired. 
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[0091] A priming routine can be selected to fully wet the fiiter before production dispense 

cycles occur. Any number of different priming routines can be stored in libraryl 00 

for various filters and fluid properties. FIGURES 14-16 are flow charts illustrating 
example priming routines. Each routine can involve a number of cycles that 
comprise several segments. In the following discussion, the following example 
cycles with constituent segments are used: 

Table 2 

Cycle Segments 
Vent Fill, Vent 
Purge-to-Vent Fill, Purge-to-Vent (dispense motor purges 

fluid back through feed chamber, to filter and 
out vent port), Filter, Vent, Purge-to-inlet 
(dispense motor purges fluid back to feed 
chamber and out inlet with inlet valve open). 

Purge-to-lnlet Fill, Purge-to-lnlet, Filter 
Purge-to-outlet Dispense, Fill, Filtration, Purge 

In a purge-to-vent segment, fluid is pushed to the dispense chamber and pushed 
from the dispense chamber through the purge valve, back to the feed chamber and 

out the vent valve. In a purge-to-inlet segment, fluid is pushed to the dispense 
chamber and then pushed from the dispense chamber, through the purge vaive, 

back into to the feed chamber with the inlet vaive open, without venting. The 

cycles and segments of Table 2 are provided by way of example and other cycles 
and segments can be used. 

[0092] Referring to FIGURE 14, inlet and outlet tubing can be filled (step 705) and a vent 

cycle performed (step 710). Next, a purge-to-vent cycle can occur (step 715). In 

the next step, a purge-to-inlet cycie can occur (step 720). This can be followed by 

a vent cycle (step 725). a second purge-to-inlet cycle (step 730), a final vent cycle 

(step 735) and a purge-to-outlet cycie (step 737). Finally, a dispense cycle is 
performed (step 740). 

[0093] In the embodiment of FIGURE 15, inlet and outlet tubing can be filled (step 805) 

and a vent cycle performed (step 810). Next, a purge-to-vent cycle can occur 
(step 815). During this cycle, the dispense chamber is filled with fluid and the 

barrier valve closed. The isolate and purge valves are opened. The dispense 
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motor is run so that fluid flows out of the dispense chamber, through the feed 

chamber and out through the vent vaive. In the next step, a purge-to-inlet cycle 
can occur (step 820). 

[0094] Next, a filter priming cycle that includes a forward pressure segment (step 825) and 

a forward flush segment (step 827) can be performed, in the forward pressure 

segment the feed chamber is filled, the barrier and vent valves are closed and the 
isolation valve is opened. The feed stage motor runs to pressurize the fluid in the 

filter from upstream, in the forward pressure segment, fluid does not flow out of the 

filter. Pressurization occurs for a sustained period and generally at above the 
pressure setpoint used in the pre-filtration or filtration cycles. According to one 

embodiment, the fluid can be pressurized for 5-10 minutes at 5-25 psi, though 

higher or lower pressures and shorter or longer times can be used. The forward 

flush segment is similar to the purge-to-vent segment, but may occur at a relatively 
high rate so that if there is any dissolved gas, it can be pushed out of the filter 

through the vent. According to one embodiment, the forward flush is performed at 

or close to (e.g., at least 75% of) the maximum operating rate of the pump. For 

example, in an Entegris Intelligen Mini dispense system with a maximum dispense 
rate of 3mL7sec, the forward flush can occur at .5mL/sec-3.0mL/sec, but preferably 

occurs at 2.25-3 mL/sec. A purge-to-vent cycie (step 830) and dispense cycie 
(step 835) can also be performed. 

[0095] The embodiment of FIGURE 16 is similar to that of FIGURE 15 except that the filter 

priming cycle involves a back pressure step 840 rather than forward pressure step 

825 and a back flush segment 845 rather than a forward flush segment 827. in 
back pressure step 840, the vent valve and isolation valve are closed and the 

barrier valve opened. The dispense motor is run to pressurize the fluid in the fiiter 

from downstream for a specified amount of time. In the back pressure segment, 
fluid does not flow out of the filter. Pressurization occurs for a sustained period and 

generally at above the pressure setpoint used in the pre-filtration or filtration cycles. 

According to one embodiment, the fluid can be pressurized for 5-10 minutes at 5-
25psi. In the back flush, the vent valve is opened and barrier valve and isolation 

vaives opened. Fluid is run through the filter from the dispense chamber to vent. 

According to one embodiment, the back flush is performed at or close to (e.g., at 

least 75% of) the maximum operating rate of the pump. A purge-to-vent cycie (step 
830) and dispense cycle (835) can also be performed. 
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[0096] 

;0097] 

Table 3 

Cycle No. of Cycles Parameters 
Vent 6 cycles Vent Rate: 1.0mL/sec 

Fill Rate: 3.0mL/sec 
Purge-to-vent 8 cycles Filtration Rate 

1) High: 3.0mL/s 
2) Low: .5mL/s 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Vent Rate: 1.0mL/sec 
Purge Rate: 1.0mL/sec 
Fill Rate: 3.0mL7sec 

Purge-to-inlet 20 cycles Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mL/s 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.0mL/sec 
Fill Rate: 3.0mUsec 

Vent 1 cycle Vent Rate: 1.0mL/sec 
Fill Rate: 3.0mL/sec 

Purqe-to-inlet 40 cycles Filtration Rate 

The steps in FIGURES 14-16 can be repeated as needed or desired, in some 

cases each cycle will be repeated a number of times before moving on to the next 
step. Furthermore, the segments in a cycle or cycles in a routine can be performed 

in different orders. As another example, multiple forward pressure, forward flush, 

back pressure and back flush steps can be used in a singie routine. Additional or 
alternative segments can be used in priming routines as needed or desired. 

Various tests were conducted according to the methods of Figures 14,15 and 16 
using the Entegris Intelligen Mini dispense system. The tests were conducted 

varying both filtration rates and filtration pressures for each method. Various 

pressures and times were also tested for the forward pressure and back pressures 

steps. Table 3 provides example tests recipes for a method according to Figure 14 
that does not have a forward or back pressurization segment. 
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1) High: 3.0mL/s 
2) Low: .5mLVs 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.0mL/sec 
Fill Rate: S.OmUsec 

Vent 1 cycle Vent Rate: 1.0mL/sec 
Fill Rate: 3.0mL/sec 

Purge-to-Outlet 8 cycles Dispense Rate: 1.0mL/s 

Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mUs 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.0mL/sec 
Fill Rate: 3.0mLVsec 

Dispense Continuous 

[0098] Table 4 provides example test recipes for a method that has a forward pressure 
segment. 

Cycie No. of Cycles Parameters 
Vent 6 cycles Vent Rate: I.OmUsec 

Fill Rate: 3.0mL/sec 
Purge-to-vent 8 cycles Filtration Rate 

1) High: 3.0mL/s 
2) Low: .5mUs 

Filtration Setpoint 
1} High: 6psi 
2) Low: 1 psi 

Vent Rate: 1.0mL/sec 
Purge Rate: I.OmUsec 
Fill Rate: 3.0mlJsec 

Purge-to-inlet 10 cycles Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mL/s 

Filtration Setpoint 
1) High: 6psi 
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2) Low: 1 psi 

Purge Rate: 1.0mL/sec 
Fill Rate: 3.OmL/sec 

Forward Pressure 5 minutes 
10 minutes 

Pressures 
1) High: 25pst 
2) Low: 10psi 

Purge-to-vent 10 cycles Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mUs 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Vent Rate: 1 .OmL/sec 
Purge Rate: 1.OmL/sec 
Fill Rate: 3.OmL/sec 

Purge-to-Outlet 15 cycles Dispense Rate: 1.0mL/s 

Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mL/s 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.OmL/sec 
Fill Rate: 3.0mL/sec 

Dispense Continuously 

Table 5 provides example test recipes for the method that has a back pressure 

segment. 

Table 5 

Cycle No. of Cycles Parameters 
Vent 6 cycles Vent Rate: 1.OmL/sec 

FHi Rate: 3.0mL/sec 
Purge-to-vent 8 cycles Filtration Rate 

1) High: 3.0mL/s 
2) Low: .5mL/s 
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Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Vent Rate: 1.OmL/sec 
Purge Rate: 1.OmL/sec 
Fill Rate: 3.0mL/sec 

Purge-to-inlet 10 cycles Filtration Rate 
1) High: 3.0mL/s 
2) Low: .5mL/s 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.OmL/sec 
Fill Rate: 3.0mUsec 

Forward Pressure 5 minutes 
10 minutes 

Pressures 
1) High: 25psi 
2) Low: 10psi 

Purge-to-vent 10 cycles Filtration Rate 
1) High: 3.0mL/s 
2) Low: ,5mL/s 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Vent Rate: 1.OmL/sec 
Purge Rate: 1.OmL/sec 
Fill Rate: 3.0mL/sec 

Purge-to-Outlet 15 cycles Dispense Rate: I.OmUs 

Filtration Rate 
1} High: 3.0mL/s 
2) Low: .SmLVs 

Filtration Setpoint 
1) High: 6psi 
2) Low: 1 psi 

Purge Rate: 1.OmL/sec 
Fill Rate: 3.OmL/sec 

Dispense Continuously 

00100] Tests according to the above recipes were performed using the same dispense 

recipe for continuous dispense cycles with the settings of Table 6: 
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Table 6 

Dispense Max Dispense Volume: 10mL 
Dispense Volume: 10mL 
Dispense rate: 1mL/sec 
Filtration rate: .5mL/sec 
Vent Volume: 1 mi-
Vent Rate: 1m Usee 
Purge Volume .4mL 
Purge Rate: 1 ml/sec 
Filtrate: 1 ml/sec 
Filter Set point 2 psi 
Ready Pressure 2 psi 

[00101] Testing was performed using PGME (propoyiene glycol monomethy! ether) as the 

process fluid and the following filters by Entegris inc., of Billerica, MA: 

A2AT20MK1 - Impact2 V2 10nm Symmetric UPE; A2ST20KM1 Impact 2 V2 

Asymmetric 10nm; A2SF20MK1 Impact 2 V2 Asymmetric 5nm, and A2DT200K1 

Impact 2 Duo 10nm filters. After each priming routine was completed, the pump 

was run through continuous dispense cycles until the particle count (air bubble 
count) in the fluid dropped below a threshold amount (1 per 2mL). In general, it 

was found that a method having a forward pressurization step was most effective 

for priming the lmpact2 V2 Symmetric 10nm, Impact 2 V2 Asymmetric 10nm, 
impact 2, V2 Asymmetric 5nm filters. 

[00102] It has been discovered, however, that routines using a back pressure segment 

provide significantly quicker priming for the A2DT200K1 - 10 nm Duo filter. Using 

the recipes of Table 5 and the following back pressure states: 25 psi for 5 minutes, 
10 psi for 5 minutes, 10 psi for 10 minutes, 25 psi for 10 minutes resulted in the 
pump achieving an acceptable particle count in approximately half the time of the 

method of Table 3. The same priming routine, however, did not show as significant 
a benefit when applied to the single membrane filters. 

[00103] FIGURE 17 provides results of the priming routine of FIGURE 20, when used with 

the A2DT200K1 - 10 nm Duo filter. FIGURE 17 illustrates the number of air 

bubbles over 0.2um detected per 2mL of PGME fluid dispensed. From the end of 

the priming sequence (W0) using a back pressure segment of 10 psi for 10 
minutes, it took approximately 3.2 hours of dispenses before the particle count (i.e., 
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bubble count) was consistentiy below 1. Previous priming routines for the same 
filter could take up to nine hours to reach the same result. For the A2DT200K1 -
10 nm Duo fiiter, the tested pressures and times appeared to have minimal effect 
on overall time to reach an acceptable dispense. 

[00104] As is dear from the foregoing, the priming routine can be selected based on the 
type of filter to minimize the time until the pump is ready. For some multiple 
membrane filters, it may be advantageous to select a priming routine that includes 
a back pressurization segment and back flush segment, whereas for single 
membrane filters it may be advantageous to select a priming routine that involves a 
forward pressure segment and forward flush segment. In other cases, it may be 
advantageous to select a priming routine that includes both forward and back 
pressurization segments and forward and back flush segments. In yet other 
embodiments, priming routines with forward pressurization and flush segments can 
be selected for multiple membrane filters and priming routines with back 
pressurization and flush segments can be selected for filters with single 
membranes. 

[00105] The dispense cycle or particular segments of the pump dispense cycle also can be 
optimized. FIGURE 18 is a diagrammatic representation of one embodiment of a 
method for optimizing the dispense cycle of a pump. Various processing steps in 
FIGURE 18 can be performed by pump controller 20, pump management system 
85 or other device. According to one embodiment, filter information and fluid 
properties are gathered (steps 855 and 857). This can include, for example, 
receiving filter information stored on an electronically readable tag on the filter. 
Other information that can be collected can include recipe information, cycle times 
or other information. Using the filter information, fluid information and/or other 
information the appropriate dispense cycle or portions of the dispense cycie can be 
determined from a library of operating routines (step 860). By way of example, but 
not limitation, the library may specify an optimal filtration routine that includes 
filtration and vent segments. Given the fluid properties, fiiter information or other 
information, the optimal filtration and vent timings for a dispense cycle can be 
determined. Thus, for example, for a 10 nm Symmetric UPE Filter and IPA, the 
library may specify that the pump should use its default venting segment, the 
filtration rate should be 0.3mL/s, the filtration pressure should be 6psi and the 
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filtration segment should last 40 seconds. At step 865, pump controller 20 can 

implement the dispense cycle using the specified filtration routine. 

[00106] According to one embodiment, the dispense cycle can be monitored (step 870). 

Based on the filter information and monitoring, the dispense cycle can be adjusted 
by pump controiier 20 on the fly (step 875). For example, if the pressure during the 

dispense cycle begins to exceed the pressure allowable based on the device flow 
of the filter, this may indicate the filter is beginning to clog. The pump controller 20 

can adjust the dispense cycie to decrease the pressure exerted by the pump. 

Pump controiier 20 may otherwise adjust the operation of the pump based on 
monitoring the operation of the pump and the filter information. The dispense cycle 

can continue until the dispense cycle is complete (step 880) or otherwise 

terminated. The steps of FIGURE 18 can be repeated as needed or desired. 

[00107] FIGURE 19 is a diagrammatic representation of one embodiment of a set of code 

900 that can be distributed across multiple computers or run on a single computer. 

Code 900 can include filter information receiving code 905 that can receive filter 

information from a tag reader, through a user interface, over a communication link 
or otherwise receive filter information. Similarly code 900 can include fluid 

information receiving code 910 that can receive fluid information through a user 

interface, over a communication link or otherwise receive fluid information. Code 
900 can further include operational data receiving code 915 that can receive 

operational data from sensors in a pump, receive operational data over a 

communications link from a pump or otherwise receive the operational data. Rules 
application code 920 can apply rules to the filter information to determine whether 

or how to operate a pump. Pump operation code 925 can operate the pump based 

on the output of rules application code 920 or take other specified action. 

[00108] Priming routine determination code 930 can access a library of priming routines to 

determine an appropriate priming routine for the pump. Pump operation code 935 

can operate the pump according to the priming routine determined by code 930. 
Priming monitoring code 940 can monitor the operational data of the pump during 

priming to determine whether to adjust the operation of the pump and priming 

adjustment code 945 can adjust the priming routine. Pump operation code 935 can 
operate the pump in accordance with the adjusted priming routine determine by 

priming adjustment code 945. 



WO 2012/054706 

-36-
PCT/US2011/057061 

[00109] Dispense segment determination code 950 can access a library of dispense cycles 
or portions of a dispense cycle to determine how to operate the pump during 
priming. Pump operation code 955 can operate the pump according to the 
dispense cycle or dispense cycle segments determined by code 950. Dispense 
cycle monitoring code 955 can monitor the operational data of the pump during the 
dispense cycle to determine whether to adjust the operation of the pump and 
dispense cycle adjustment code 960 can adjust the dispense cycle. Pump 
operation code 965 can operate the pump in accordance with the adjusted 
dispense cycle or dispense cycle segment determine by dispense cycle adjustment 
code 965. 

[00110] Data correlation code 970 can correlate operational data to fiiter information. Data 
analysis code can analyze the correlated data to identify filter characteristics that 
correspond to good and bad dispenses. Rules adjustment code 980 can adjust the 
rules applied by rules application code 920 based on the results of data analysis by 
code 975. 

[00111] It shouid be noted that the code modules illustrated in FIGURE 19 can be 
implemented as a monolithic program, any number of separate programs, functions 
of a program, functions of multiple programs or otherwise implemented according 
to a suitable software architecture and programming language. The functionality of 
code 900 can be distributed between multiple devices including, but not limited, a 
pump management system and a pump controiier. Additionally, all or some of the 
functionality can be implemented as hardware or firmware. 

[00112] It is believed that applying back pressure to the filter for a period of time removes 
larger air bubbles trapped at the upstream membrane. Therefore, embodiments 
described herein can apply priming routines that include a back pressure step 
when the filter has multiple membranes. 

[00113] While various embodiments have been described in the context of a filter used in a 
liquid dispense pump, the present disclosure is not limited to such embodiments. 
For example, fiiter information tags can be used to store filter information on any 
type of filter. The filter information can be read by a tag reader and used to make a 
determination of whether or how to operate a device or system in which the filter is 
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being used. For example, filter information tags can be used for filters in gas 
purification processes or other applications. 

[00114] As used herein, the terms "comprises," "comprising," "includes," "including," "has," 

"having" or any other variation thereof, are intended to cover a non-exclusive 

inclusion. For example, a process, product, article, or apparatus that comprises a 

list of elements is not necessarily limited to only those elements but may include 
other elements not expressly listed or inherent to such process, article, or 
apparatus. Further, unless expressly stated to the contrary, "or" refers to an 

inclusive or and not to an exclusive or. For example, a condition A or B is satisfied 
by any one of the following: A is true {or present) and B is faise (or not present), A 

is false {or not present) and B is true (or present), and both A and B are true (or 
present). 

[00115] Additionally, any examples or illustrations given herein are not to be regarded in 

any way as restrictions on, limits to, or express definitions of, any term or terms 

with which they are utilized, instead these examples or illustrations are to be 

regarded as being described with respect to one particular embodiment and as 

illustrative only. Those of ordinary skill in the art will appreciate that any term or 

terms with which these examples or illustrations are utilized encompass other 

embodiments as well as implementations and adaptations thereof which may or 

may not be given therewith or elsewhere in the specification and all such 

embodiments are intended to be included within the scope of that term or terms. 

Language designating such non-limiting examples and illustrations includes, but is 
not limited to: "for example," "for instance," "e.g.," "in one embodiment," and the 
like. 

[00116] Further modifications and alternative embodiments of various aspects of the 

disclosure will be apparent to those skilled in the art in view of this description. 

Accordingly, this description is to be construed as illustrative only and is for the 

purpose of teaching those skilled in the art the general manner of carrying out the 

disclosure. For example, while the foregoing primarily uses the example of a multi­
stage pump, embodiments described herein can also be used with a single stage 
pump or other pumps. It is to be understood that the forms of the disclosure shown 

and described herein are to be taken as the presently preferred embodiments. 

Elements and materials may be substituted for those illustrated and described 
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herein, parts and processes may be reversed, and certain features of the 

disclosure may be utilized independently, all as would be apparent to one skilled in 

the art after having the benefit of this description of the disclosure. Changes may 
be made in the elements described herein without departing from the spirit and 

scope of the claims. 
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WHAT IS CLAIMED IS: 

1. A pump for semiconductor manufacturing comprising: 

one or more motors to draw fluid into an inlet of the pump and dispense fluid from an 

outlet of the pump; 
a removable filter disposed In a fluid flow path between the pump inlet and the pump 

outlet; 
a pump controiier configured to select a priming routine from a set of priming routines 

based on a filter type and process fluid, wherein the set of priming routines comprises: 
a first priming routine that includes a forward pressurization segment for a first 

type of removable filter; and 

a second priming routine for that includes a back pressurization segment for 
a second type of removable filter; 

control the pump to perform the selected priming routine to prime the removable 

filter. 

2. The pump of Claim 1, wherein the pump controiier is configured to select the first 
priming routine for a removable filter having a single filter membrane. 

3. The pump of Claim 1, wherein the pump controller is configured to select the 
second priming routine for a removable filter having multiple filter membranes. 

4. The pump of Claim 1, wherein controlling the pump to perform the selected 
priming routine when the second priming routine is selected comprises introducing a process 
fluid to the removable filter and back-pressurizing the removable filter for a predetermined 

period of time. 

5. The pump of Claim 4, wherein the pump comprises: 

a feed chamber; 
a dispense chamber; 

an isolation valve between the feed chamber and the removable filter; 

a barrier vaive between the removable filter and the dispense chamber; and 
a vent valve in fluid communication with the removable filter; and 

wherein back-pressurizing removable filter comprises pressurizing fluid in the 
dispense chamber with the isolation and vent valves closed and the barrier valve open. 
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6. The pump of Claim 4, wherein the pump controller is configured to control the 
pump to back-pressurize the removable filter for 5-10 minutes. 

7. The pump of Claim 6, wherein the pump controller is configured to control the 
pump to back-pressurize the removable fiiter at a constant pressure of at least 5-25 psi. 

8. The pump of Claim 1, wherein the second priming routine further comprises 
pushing fluid through the removable filter prior to back-pressurizing the removable filter. 

9. The pump of Claim 1, wherein the second priming routine a vent cycie, a purge-
to-vent cycle, a first purge-to-vent cycle, a purge-to-inlet cycle, a back flush, and a second 
purge-to-vent cycle. 

10. The pump of Claim 8, wherein the vent cycle, purge-to-vent cycle and purge-to-
inlet cycle occur before back-pressurizing the removable filter and the back flush and second 
purge-to-vent cycle occur after back pressurizing the removable filter. 

11. A method for priming a filter in a semiconductor manufacturing pump comprising: 
connecting a removable filter to the pump; 
selecting a priming routine for the removable filter based on a filter type and process 

fluid; 

operating the pump according to the selected priming routine, wherein the operating 
the pump according to the selected priming routine comprises introducing a process fluid to 
the removable filter and back-pressurizing the removable fiiter for a predetermined period of 
time. 

12. The method of Claim 11, further comprising back-pressurizing the removable 
filter for 5-10 minutes. 

13. The method of Claim 12, further comprising back-pressurizing the removable 
filter at a constant pressure of 5-25psi. 
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14. The method of Claim 11, wherein the selected routine further comprises a vent 

cycle, a purge-to-vent cycle, a first purge-to-vent cycle, a purge-to-inlet cycle, a back flush, 
and a second purge-to-vent cycle. 

15. The method of Claim 14, wherein the vent cycle, purge-to-vent cycle and purge-

to-inlet cycle occur before back-pressurizing the removable filter and the back flush and 
second purge-to-vent cycle occur after back pressurizing the removable filter. 

16. A computer program product comprising a non-transitory storage medium storing 
a set of computer executable instructions comprising instructions executable to: 

receive fiiter information and process fluid information; 
seiect a priming routine for the removable filter based on the filter information and 

process fluid information; 
operate a pump according to the selected priming routine, wherein operating the 

pump according to the selected priming routine comprises introducing a process fluid to the 

removable filter and back-pressurizing the removable filter for a predetermined period of 

time. 

17. The computer program product of Glaim 16, wherein back-pressurizing the 
removable filter comprises back-pressurize the removable filter for 5-10 minutes. 

18. The computer program product of Claim 17, wherein back-pressurizing the 

removable filter comprises back-pressurize the removable filter at a constant pressure of 5-

25psi. 

19. The computer program product of Claim 16, wherein the priming routine further 

comprises a vent cycle, a purge-to-vent cycle, a first purge-to-vent cycle, a purge-to-inlet 
cycle, a back flush, and a second purge-to-vent cycie. 

20. The computer program product of Claim 19, wherein the vent cycie, purge-to-

vent cycle and purge-to-inlet cycle are performed multiple times before back-pressurizing the 
removable filter and the back flush and second purge-to-vent cycie occur after back 

pressurizing the removable fiiter. 


