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(57) ABSTRACT 

Embodiments of the present invention provide I/O systems, 
methods, and devices for interfacing pump controller(s) With 
control device(s) Which may have different interfaces and/or 
signaling formats. In one embodiment, an I/O interface mod 
ule comprises a processor, a memory, and at least tWo data 
communications interfaces for communicating With a pump 
ing controller and a control device. The I/O interface module 
can receive discrete signals from the control device, interpret 
them accordingly and send the packets to the pump controller. 
The pump controller reads the packets and takes appropriate 
actions at the pump. The I/O interface module can interpret 
packets of data received from the pump controller and assert 
corresponding discrete signals to the control device. The I/O 
interface module is customizable and alloWs a variety of 
interfaces and control schemes to be implemented With a 
particular multiple stage pump Without changing the hard 
Ware of the pump. 
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I/O SYSTEMS, METHODS AND DEVICES 
FOR INTERFACING A PUMP CONTROLLER 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is a continuation of, and claims a 
bene?t of priority under 35 U.S.C. 120 of the ?ling date of 
US. patent application Ser. No. 11/602,449 ?led Nov. 20, 
2006, entitled “I/O SYSTEMS, METHODS AND DEVICES 
FOR INTERFACING A PUMP CONTROLLER,” Which 
claims priority from US. Provisional Patent Application No. 
60/741,657, ?led Dec. 2, 2005, entitled “I/O INTERFACE 
SYSTEM AND METHOD FORA PUMP,” both of Which are 
incorporated herein by reference for all purposes. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates generally ?uid pumps. More 
particularly, embodiments of the present invention relate to 
input/ out systems, methods, and apparatuses for interfacing a 
pump controller With various devices. 

BACKGROUND OF THE INVENTION 

[0003] There are many applications for Which precise con 
trol over the amount and/or rate at Which a ?uid is dispensed 
by a pumping apparatus is necessary. In semiconductor pro 
cessing, for example, it is important to control the amount and 
rate at Which photochemicals, such as photoresist chemicals, 
are applied to a semiconductor Wafer. The coatings applied to 
semiconductor Wafers during processing typically require a 
certain ?atness and/or even thickness across the surface of the 
Wafer that is measured in angstroms. The rates at Which 
processing chemicals are applied (i.e., dispensed) onto the 
Wafer have to be controlled carefully to ensure that the pro 
cessing liquid is applied uniformly. 
[0004] Photochemicals used in the semiconductor industry 
today are typically very expensive, costing as much as $1000 
and up per a liter. Therefore, it is highly desirable to ensure 
that a minimum but adequate amount of chemical is used and 
that the chemical is not damaged by the pumping apparatus. 
Current multiple stage pumps can cause sharp pressure spikes 
in the liquid. Such pressure spikes and subsequent drops in 
pressure may be damaging to the ?uid (i.e., may change the 
physical characteristics of the ?uid unfavorably) and/or 
adversely affect the performance of the pumping system. 
Additionally, pressure spikes can lead to built up ?uid pres 
sure that may cause a dispense pump to dispense more ?uid 
than intended or dispense the ?uid in a manner that has 
unfavorable dynamics. 
[0005] One shortcoming of prior pumps is interfacing the 
pump controller With other devices. The pump controller 
typically receives signals from a control system (e.g., other 
computers/tools) to receive process parameters, trigger sig 
nals or other signals and sends signals to indicate the state of 
a dispense cycle or other data. Many computers/manufactur 
ing tools, hoWever, use different physical interfaces and sig 
naling schemes to communicate signals to and receive signals 
from a pump. Generally, for each input/ output line, the pump 
ing system requires one conductor leading to the pump con 
troller. This means customizing the pump controller for a 
pump for the speci?c interface on another device to/ from 
Which the pump communicates data. In semiconductor manu 
facturing systems Which generally use a large number of 
pump signals this can lead to complicated Wiring leading to a 
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single pump. Moreover, in many semiconductor manufactur 
ing systems, there are multiple pumps stacked together, lead 
ing to a complicated array of Wires leading to the pumps. 
Another shortcoming of prior systems Was that the discrete 
input/output (“I/O”) lines Were limited in length. There is a 
need for neW and better Ways to interface devices With the 
pumps. Embodiments of the invention can address this need 
and more. 

SUMMARY OF THE INVENTION 

[0006] Embodiments of the present invention provide neW 
I/O systems, methods, and apparatuses for interfacing pump 
controller(s) With various devices. More particularly, 
embodiments of the present invention provide an I/O system 
and method for interfacing pump controller(s) With external 
control device(s) Which may have different interfaces and/or 
signaling formats. 
[0007] In one embodiment, at least one I/O interface mod 
ule is positioned betWeen a pumping system and at least one 
programmed device such as a computer running a particular 
pump softWare application, a man-machine interface device, 
or a manufacturing tool for monitoring/ controlling the pump 
ing system. In one embodiment, the pumping system imple 
ments a single or multiple stage (“multi-stage”) pump having 
a pump controller coupled thereto. The pump controller is 
con?gured to control the valve and motor timings of the pump 
directly and locally in accordance With the signals from the 
control device. 
[0008] In embodiments of the invention, the I/O interface 
module can be implemented on a circuit board having thereon 
a processor and a memory. The circuit board has at least tWo 
data communications interfaces, one for communicating With 
the pump controller and one for communicating With the 
control device. These data communications interfaces can be 
customiZed to suit, depending upon implementation. 
[0009] In some embodiments of the present invention, a 
single I/O interface module can be implemented. In one 
embodiment, the I/O interface module can include a ?rst data 
communications interface to connect to a pump controller 
and a second data communications interface to connect to a 
control device (e.g., a computer, a manufacturing tool, a man 
machine interface device, or the like) external to the pump. 
One example of this embodiment is described beloW With 
reference to FIG. 7. In one embodiment, the I/O interface 
module can include more than tWo data communications 
interfaces to connect to a pump controller, a man-machine 
interface device, and one or more manufacturing tools. The 
I/O interface module can receive discrete signals from the 
control device(s) and interpret them accordingly (e. g., formu 
lating or packetiZing data corresponding to the discrete sig 
nals into one or more packets, prioritizing commands from 
various control devices, etc.). The I/O interface module can 
send the packets serially to the pump controller. The pump 
controller according to one embodiment of the present inven 
tion can read the packets and take appropriate actions at the 
pump (e. g., implementing appropriate processes at the pump 
and moving the dispense motor, etc.). Additionally, the pump 
controller can send packets of data to the I/O interface module 
serially. The I/O interface module can interpret or otherWise 
assert corresponding discrete signals to the control device(s). 
One example of this embodiment is described beloW With 
reference to FIG. 8. 
[0010] In embodiments of the invention, the I/O interface 
module can interface With the control device via RS232, 
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RS485, RS422 or other interfaces, can include analog inputs 
and outputs, DVC interface, or retro?t interfaces. The I/O 
interface module is customizable Without changing pump 
hardWare. Further, the I/ O interface module can be tailored to 
each user’s particular need to send signals to and receive 
signals from a pump. The I/O interface module alloWs a 
variety of interfaces and control schemes to be implemented 
With a particular pump Without changing the hardWare of the 
pump. According to one embodiment, regardless of the inter 
faces and communications protocols used betWeen the I/O 
interface module and the control device, the I/O interface 
module streams serial packetiZed data over a high speed SPI 
serial bus to the pump controller. 
[0011] Advantages provided by embodiments of the 
present invention can be numerous. As an example, by inter 
preting and asserting signals for the pump controller and the 
control device, the I/ O interface module can reduce the num 
ber of discrete lines that otherWise Would have been required 
in a direction connection con?guration, thus greatly reducing 
cabling. 
[0012] The reduction in cabling requirements provides the 
additional advantages of space saving, Which can be an 
important factor in miniaturiZing a pumping system, and cost 
saving, Which can be highly desirable in just about any appli 
cation. 
[0013] Another advantage of the I/O interface module is 
that it eliminates the distance limitation imposed by discrete 
lines and alloWs for longer connections betWeen the pumping 
system and the control device. 
[0014] Other advantages of the embodiments of the I/O 
system disclosed herein include versatility and adaptability. 
Since the data communications interface of the I/ O interface 
module can be customiZed to connect to the data communi 
cations interface of the control device, the control device 
and/ or control schemes can be replaced or otherWise modi?ed 
Without having to change the hardWare of the pump. Further 
more, since the data communications interface of the I/O 
interface module can be customiZed to connect to the data 
communications interface of the pump controller, the pump 
or its hardWare can be replaced or otherWise modi?ed Without 
having to qualify the entire pump and/ or re-arbitrate the pump 
to establish communication betWeen the control device and 
the neW pump. Moreover, embodiments of the invention 
advantageously alloW the logic for controlling the pump to be 
allocated among tWo or more I/O interface modules or 
betWeen a plurality of I/O interface modules and a plurality of 
pump controllers in various con?gurations Without being lim 
ited by the processing poWer of the pump controllers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] A more complete understanding of the present 
invention 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: 
[0016] FIG. 1 is a diagrammatic representation of one 
embodiment of a pumping system; 
[0017] FIG. 2 is a diagrammatic representation of a mul 
tiple stage pump (“multi-stage pump”) for the pumping sys 
tem of FIG. 1; 
[0018] FIG. 3 is a diagrammatic representation of valve and 
motor timings for a multi-stage pump; 
[0019] FIG. 4 is a illustration of one embodiment of a pump 
controller implemented as a PCB board onboard a pump; 
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[0020] FIG. 5 is a diagrammatic representation of a prior 
solution for transferring data betWeen a pump controller and 
an electronic device connected to the pump; 
[0021] FIG. 6 is a block diagram representing one example 
of a prior solution for transferring data betWeen a pump 
controller and a track device connected to the pump; 
[0022] FIG. 7 is a diagrammatic representation of one 
embodiment of a system for interfacing a pump controller 
With other device(s); 
[0023] FIG. 8 is a block diagram representing one exem 
plary embodiment of a system and apparatus for interfacing a 
pump controller With other device(s); 
[0024] FIG. 9 is the top side vieW of a circuit board imple 
menting one embodiment of a pump controller; 
[0025] FIG. 10 is the bottom side vieW of the circuit board 
of FIG. 9; 
[0026] FIG. 11 is the top side vieW of a circuit board imple 
menting one embodiment of a pump I/ O interface module; 
[0027] FIG. 12 is the bottom side vieW of the circuit board 
of FIG. 11; 
[0028] FIG. 13 is a diagrammatic representation of one 
embodiment of a system for interfacing one or more pump 
controllers With one or more devices via one pump I/ O inter 

face module; and 
[0029] FIG. 14 is a diagrammatic representation of one 
embodiment of a system for interfacing one or more pump 
controllers With one or more devices through multiple pump 
I/ O interface modules. 

DETAILED DESCRIPTION 

[0030] Preferred embodiments of the present invention are 
described beloW With reference to the ?gures Which are not 
necessarily draWn to scale and Where like numerals are used 
to refer to like and corresponding parts of the various draW 
1ngs. 
[0031] Embodiments of the present invention are directed 
to pump controllers in pumping systems. Such a pumping 
system may employ a multiple stage (“multi-stage”) pump 
for feeding and accurately dispensing ?uid onto Wafers dur 
ing a semiconductor manufacturing process. Particularly, 
embodiments of the present invention provide input/output 
(“I/ O”) interface systems, methods, and devices for interfac 
ing a pump controller With various devices. It should be noted 
that the pumping system embodying such a pump controller 
as described herein are provided by Way of example, but not 
limitation, and embodiments of the present invention can be 
utiliZed and/or suitably implemented for other designs and 
con?gurations. Speci?cally, embodiments of the invention 
can be applied to various pumps, including single stage and 
multi-stage pumps. An exemplary pumping system Will ?rst 
be described beloW before describing in detail embodiments 
of I/ O systems, methods, and devices for interfacing the pump 
controller of the pumping system With various devices. 
[0032] FIG. 1 is a diagrammatic representation of a pump 
ing system 10. The pumping system 10 can include a ?uid 
source 15, a pump controller 20 and a pump 100, Which Work 
together to dispense ?uid onto a Wafer 25. Embodiments of 
the I/O interface systems, methods, and modules described 
herein With reference to FIGS. 7-8 and 11-14 can be used to 
connect one or more pump controller 20 to a variety of inter 

faces, devices, and manufacturing tools. 
[0033] The operation of pump 100 can be controlled by 
pump controller 20, Which can be onboard pump 100 or 
connected to pump 100 via a one or more communications 
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links for communicating control signals, data or other infor 
mation. Additionally, the functionality of pump controller 20 
can be distributed betWeen an onboard controller and another 

controller, including an I/O interface controller onboard an 
I/O interface module external to pump 100. 

[0034] Pump controller 20 can include a computer readable 
medium 27 (e.g., RAM, ROM, Flash memory, optical disk, 
magnetic drive or other computer readable medium) contain 
ing a set of control instructions 30 for controlling the opera 
tion ofpump 100. A processor 35 (e.g., CPU, ASIC, RISC or 
other processor) can execute the instructions. One example of 
a processor is the Texas Instruments TMS320F2812PGFA 
16-bit DSP (Texas Instruments is Dallas, Tex. based com 
Pany) 
[0035] In the example of FIG. 1, pump controller 20 com 
municates With pump 100 via communications links 40 and 
45. Communications links 40 and 45 can be netWorks (e.g., 
Ethernet, Wireless netWork, global area netWork, DeviceNet 
netWork or other netWork knoWn or developed in the art), a 
bus (e.g., SCSI bus) or other communications link. Controller 
20 can be implemented as an onboard PCB board, remote 
controller or in other suitable manner. Pump controller 20 can 
include appropriate interfaces (e.g., netWork interfaces, I/O 
interfaces, analog to digital converters and other components) 
for communicating With pump 100. Additionally, pump con 
troller 20 can include a variety of computer components 
knoWn in the art including processors, memories, interfaces, 
display devices, peripherals or other computer components 
not shoWn for the sake of simplicity. Pump controller 20 can 
control various valves and motors in pump 100 to cause pump 
100 to accurately dispense ?uids, including loW viscosity 
?uids (i.e., less than 5 centipoire) or other ?uids. 

[0036] FIG. 2 is a diagrammatic representation of a pump 
100. In this example, pump 100 is a multi-stage pump and 
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 ?uid ?oW perspective, 
is ?lter 120 to ?lter impurities from the process ?uid. A 
number of valves can control ?uid ?oW through pump 100 
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 ?uid 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. The face of pressure sensor 112 that contacts 
the process ?uid can be Te?on®. 

[0037] Feed stage 105 and dispense stage 110 can include 
rolling diaphragm pumps to pump ?uid in pump 100. Feed 
stage pump 150 (“feed pump 150”), for example, includes a 
feed chamber 155 to collect ?uid, a feed stage diaphragm 160 
to move Within feed chamber 155 and displace ?uid, 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. Feed motor 170 
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, 
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and a dispense motor 200. Dispense motor 200 can drive lead 
screW 195 through a threaded nut (e.g., a Torlon or other 

material nut). 
[0038] During operation of pump 100, the valves of pump 
100 are opened or closed to alloW or restrict ?uid ?oW to 
various portions of pump 100. These valves can be pneumati 
cally actuated (i.e., gas driven) diaphragm valves that open or 
close depending on Whether pressure or a vacuum is asserted. 

HoWever, any suitable valve can be used. 

[0039] The folloWing provides a summary of various stages 
of operation of pump 100. 

[0040] HoWever, pump 100 can be controlled according to 
a variety of control schemes including, but not limited to 
those described in US. Provisional Patent Application Ser. 
No. 60/741,682, ?led Dec. 5, 2005, entitled “SYSTEM AND 
METHOD FOR PRESSURE COMPENSATION IN A 
PUMP” by Inventors Cedrone et al.; US. patent application 
Ser. No. 11/502,729, ?led Aug. 11, 2006, Entitled “SYS 
TEMS AND METHODS FOR FLUID FLOW CONTROL 
IN AN IMMERSION LITHOGRAPHY SYSTEM” by 
inventors Clarke et al.; US. patent application Ser. No. 
11/602,472 ?led Nov. 20, 2006, entitled “SYSTEM AND 
METHOD FOR CORRECTING FOR PRESSURE VARIA 
TIONS USING A MOTOR” by Inventors Gonnella et al.; 
US. patent application Ser. No. 11/292,559, ?led Dec. 2, 
2005, entitled “SYSTEM AND METHOD FOR CONTROL 
OF FLUID PRESSURE” by Inventors Gonnella et al.; US. 
patent application Ser. No. 11/364,286, ?led Feb. 28, 2006, 
entitled “SYSTEM AND METHOD FOR MONITORING 
OPERATION OF A PUMP” by Inventors Gonnella et al., 
each of Which is fully incorporated by reference herein, to 
sequence valves and control pressure. According to one 
embodiment, pump 100 can include a ready segment, dis 
pense segment, ?ll segment, pre-?ltration segment, ?ltration 
segment, vent segment, purge segment and static purge seg 
ment. During the feed segment, inlet valve 125 is opened and 
feed stage pump 150 moves (e.g., pulls) feed stage diaphragm 
160 to draW ?uid into feed chamber 155. Once a suf?cient 
amount of ?uid has ?lled feed chamber 155, inlet valve 125 is 
closed. During the ?ltration segment, feed-stage pump 150 
moves feed stage diaphragm 160 to displace ?uid from feed 
chamber 155. Isolation valve 130 and barrier valve 135 are 
opened to alloW ?uid to ?oW through ?lter 120 to dispense 
chamber 185. Isolation valve 130, according to one embodi 
ment, canbe opened ?rst (e.g., in the “pre-?ltration segment”) 
to alloW pressure to build in ?lter 120 and then barrier valve 
135 opened to alloW ?uid ?oW into dispense chamber 185. 
During the ?ltration segment, dispense pump 180 can be 
brought to its home position. As described in US. Provisional 
Patent Application No. 60/630,384, entitled “SYSTEM AND 
METHOD FOR A VARIABLE HOME POSITION DIS 
PENSE SYSTEM” by Laverdiere, et al., ?led Nov. 23, 2004 
and PCT Application No. PCT/US2005/042127, entitled 
“SYSTEMAND METHOD FORVARIABLE HOME POSI 
TION DISPENSE SYSTEM”, by Laverdiere et al., ?led Nov. 
21, 2005, Which are incorporated herein 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 dis 
pense cycle to reduce unused hold up volume of pump 100. 
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Feed pump 150 can similarly be brought to a home position 
that provides a volume that is less than its maximum available 
volume. 
[0041] 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 ?lter 
120. Feed-stage pump 150 applies pressure to the ?uid to 
remove air bubbles from ?lter 120 through open vent valve 
145. Feed-stage pump 150 can be controlled to cause venting 
to occur at a prede?ned 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 ?uid ?oW restriction can be placed in the vent ?uid 
path, and the pneumatic pressure applied to feed pump can be 
increased or decreased in order to maintain a “venting” set 
point pressure, giving some control of an other Wise un 
controlled method. 
[0042] 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, and purge valve 
140 opened and inlet valve 125 opened. Dispense pump 180 
applies pressure to the ?uid 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 ?uid 
removed during the purge or static purge segments can be 
routed out of pump 100 (e.g., returned to the ?uid source or 
discarded) or recycled to feed-stage pump 150. During the 
ready segment, 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, all the valves can be 
closed at the ready segment. 
[0043] During the dispense segment, outlet valve 147 
opens and dispense pump 180 applies pressure to the ?uid in 
dispense chamber 185. Because outlet valve 147 may react to 
controls sloWer than dispense pump 180, outlet valve 147 can 
be opened ?rst and some predetermined period of time later 
dispense motor 200 started. This prevents dispense pump 180 
from pushing ?uid through a partially opened outlet valve 
147. Moreover, this prevents ?uid moving up the dispense 
noZZle caused by the valve opening (it’s a mini-pump), fol 
loWed by forWard ?uid motion caused by motor action. In 
other embodiments, outlet valve 147 can be opened and dis 
pense begun by dispense pump 180 simultaneously. 
[0044] An additional suckback segment can be performed 
in Which excess ?uid 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 ?uid 
out of the outlet noZZle. Alternatively, outlet valve 147 can 
remain open and dispense motor 200 can be reversed to such 
?uid back into the dispense chamber. The suckback segment 
helps prevent dripping of excess ?uid onto the Wafer. 
[0045] Embodiments of pump 100 may employ various 
pump control mechanisms and valve timings to help reduce 
deleterious effects of pressure on a process ?uid. FIG. 3 is a 
diagrammatic representation of exemplary valve and dis 
pense motor timings for various segments of the multi-stage 
operation of pump 100 of FIG. 2. Other sequences of opera 
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tion are possible. 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 of the present inven 
tion. Additionally, several of the segments can be performed 
together (e.g., the ?ll/dispense stages can be performed at the 
same time, in Which case both the inlet and outlet valves can 
be open in the dispense/?ll segment). It should be further 
noted that speci?c 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 seg 
ment may not be performed every cycle. 
[0046] The opening and closing of various valves can cause 
pressure spikes in the ?uid Within pump 100. 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 ?uid When it closes. More particularly, in many 
cases before a ?uid 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 ?uid from pump 100. 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 ?uid (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 ?uid 
in dispense chamber 185 above the baseline pressure intended 
for the dispense of the ?uid. This excess pressure (above the 
baseline) may cause problems With a subsequent dispense of 
?uid. These problems are exacerbated in loW pressure appli 
cations, as the pressure increase caused by the closing of 
purge valve 140 may be a greater percentage of the baseline 
pressure desirable for dispense. 
[0047] More speci?cally, because of the pressure increase 
that occurs due to the closing of purge valve 140 a “spitting” 
of ?uid onto the Wafer, a double dispense or other undesirable 
?uid dynamics may occur during the subsequent dispense 
segment if the pressure is not reduced. Additionally, as this 
pressure increase may not be constant during operation of 
pump 100, these pressure increases may cause variations in 
the amount of ?uid dispensed, or other characteristics of the 
dispense, during successive dispense segments. These varia 
tions in the dispense may in turn cause an increase in Wafer 
scrap and reWork of Wafers. To account for unWanted pres sure 
increases to the ?uid 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. 

[0048] The above-described pump control mechanisms 
provide pump 100 With gentle ?uid handling characteristics. 
By compensating for pressure ?uctuations in a dispense 
chamber before a dispense segment, potentially damaging 
pressure spikes can be avoided or mitigated. Other pump 
control mechanisms and valve timings may also be utiliZed or 
otherWise implemented to help reduce undesirable effects of 
pressure on a process ?uid. 
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[0049] FIG. 4 is a diagrammatic representation of one 
embodiment of a pump assembly for pump 100. Pump 100 
can include a dispense block 205 that de?nes various ?uid 
?oW paths through pump 100 and at least partially de?nes 
feed chamber 155 and dispense chamber 185. Dispense pump 
block 205 can be a unitary block ofPTFE, modi?ed PTFE or 
other material. Because these materials do not react With or is 
minimally reactive With many process ?uids, the use of these 
materials alloWs ?oW passages and pump chambers to be 
machined directly into dispense block 205 With a minimum of 
additional hardWare. Dispense block 205 consequently 
reduces the need for piping by providing an integrated ?uid 
manifold. Dispense block 205 can include various external 
inlets and outlets including, for example, inlet 210 through 
Which the ?uid is received, vent outlet 215 for venting ?uid 
during the vent segment. 
[0050] Supply lines 260 provide pressure or vacuum to 
valve plate 230, Which has a plurality of valves con?gured to 
alloW ?uid to ?oW to various components of pump 100. 
Actuation of the valves is controlled by valve control mani 
fold 302 that directs either pressure or vacuum to each supply 
line 260. Each supply line 260 can include a ?tting (e. g., 
?tting 318) With a small ori?ce. This ori?ce may be of a 
smaller diameter (e.g., approximately 0.010 inches in diam 
eter) than the diameter of the corresponding supply line 260 to 
Which ?tting 318 is attached. Thus, the ori?ce of ?tting 318 
may serve to place a restriction in supply line 260. The ori?ce 
in each supply line 260 helps mitigate the effects of sharp 
pressure differences betWeen the application of pressure and 
vacuum to the supply line and thus may smooth transitions 
betWeen the application of pressure and vacuum to the valve. 
In other Words, the ori?ce helps reduce the impact of pressure 
changes on the diaphragm of the doWnstream valve. This 
alloWs the valve to open and close more smoothly Which may 
lead to increased to smoother pressure transitions Within the 
system Which may be caused by the opening and closing of 
the valve and may in fact increase the longevity of the valve 
itself. 

[0051] Valve control Manifold 302 can include a set of 
solenoid valves to selectively direct pressure/vacuum to valve 
plate 230. When a particular solenoid is on thereby directing 
vacuum or pressure to a valve, depending on implementation, 
the solenoid Will generate heat. In this example, valve control 
manifold 302 is mounted to a printed circuit board (“PCB”) 
397, Which is mounted on a back plate (not shoWn), aWay 
from dispense block 205 and particularly dispense chamber 
185. This helps prevent heat from the solenoids in valve 
control manifold 302 from affecting ?uid in dispense block 
205. Such a back plate can be made of machined aluminum or 
other material that can act as a heat sink for pump 100, 
dissipating heat from valve control manifold 302 and PCB 
397. Valve control manifold 302 can receive signals from 
PCB 397 to cause solenoids to open/close to direct vacuum/ 
pressure to the various supply lines 260 to control the valves 
of pump 100. Again, as shoWn in FIG. 3, valve control mani 
fold 302 can be located at the distal end of PCB 397 from 
dispense block 205 to reduce the affects of heat on the ?uid in 
dispense block 205. Additionally, to the extent feasible based 
on PCB design and space constraints, components that gen 
erate heat can be placed on the side of PCB aWay from 
dispense block 205, again reducing the affects of heat. 
[0052] Pump 100 includes several interfaces for communi 
cations With a pump controller (e.g., pump controller 20 of 
FIG. 1), Which, in the example of FIG. 3, is implemented on 
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PCB 397. Exemplary interfaces of pump 100 may include one 
or more Wires (not shoWn) that enables pressure sensor 112 to 
communicate pressure readings to controller 20. Dispense 
motor 200 can include a motor control interface (not shoWn) 
to receive signals from pump controller 20 to cause dispense 
motor 200 to move. Additionally, dispense motor 200 can 
communicate information, including position information 
(e.g., from a position line encoder), to pump controller 20. 
Similarly, feed motor 175 can include a communications 
interface (not shoWn) to receive control signals from and 
communicate information to pump controller 20. 

[0053] It should be noted that the pump 100 described 
above is provided by Way of example, but not limitation, and 
embodiments of the present invention can be implemented for 
other pump con?gurations. 
[0054] As discussed above, pump controller 20 can provide 
signals locally and/ or internally to the various motors and the 
solenoid (i.e., to open/close the valves) and provide data to 
other devices (remote or external to pump controller 20) in a 
semiconductor manufacturing system. Previous versions of 
pump controllers use a serial connection and discrete input/ 
output lines to communicate. The serial connection is used to 
transmit/receive data corresponding to a man-machine inter 
face (“MMI”). The discrete lines, on the other hand, carry 
signals such as trigger signals, alarm signals, etc. Each dis 
crete line is for a dedicated function and carries a signal 
having a particular purpose (e.g., a signal on the discrete line 
had a speci?c purpose or meaning to the pump controller). 
For example, the changing of state on a particular discrete line 
(e.g., going from loW to high or high to loW) could indicate the 
start of dispense, Whereas a signal on another discrete line 
could indicate the end of dispense. 
[0055] FIG. 5 illustrates a prior data communications sys 
tem 5000 for transferring data betWeen a pump 5018 and an 
external device 5016. Pump 5018 has a pump controller 5020 
With a built-in interface 5004. Data communications interface 
5004 can include serial connections 5008 for transmitting and 
receiving data, discrete input lines 5010 for carrying discrete 
inputs and discrete output lines 5012 for carrying discrete 
outputs. Additionally, data communications interface 5004 
can include poWer and ground lines 5014. Device 5016 (e.g., 
a man-machine interface device such as a computer or a 

manufacturing tool) has a data communications interface 
5006 Which corresponds to data communications interface 
5004. Serial connections 5008 can be used, for example, to 
communicate data related to device 5016. Discrete input lines 
5010 can be used to transport discrete signals, such as Go, 
Stop, Clear Error Function, to pump 5018. Discrete outputs 
5012 can be used to carry discrete signals, such as Ready, 
Error, Warning, to device 5016. Each discrete input line and 
discrete output carries a signal having a discrete meaning 
(e.g., a signal on a discrete line has a speci?ed meaning to 
pump controller 5020). Thus, data communications interface 
5004 as illustrated in FIG. 5 Would require at least 22 lines. 
These lines may be bundled as a data communications 
medium 5002. 

[0056] FIG. 6 is another example of a prior data communi 
cations system 5700 for transferring data betWeen a pump 
controller and a track device. Similar to system 5000, system 
5700 uses discrete lines to carry discrete signals betWeen the 
pump controller and the track device (i.e., a manufacturing 
tool). As FIG. 6 exempli?es, there is a one-to-one correspon 
dence of line communication betWeen the pump controller 
and the track device. Additionally, because each data packet is 
















