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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 1/0O
system and method for interfacing pump controller(s) with external control
device(s) which may have different interfaces and/or signaling formats.
[0006a] In a first aspect of the invention, there is provided an input/output

(I/0) system that is adapted to interface at least one pump controller of a
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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 FIGURE 7. In one embodiment, the 1/O interface module can
include more than two data communications interfaces to connect to a
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the pump or its hardware can be replaced or otherwise modified withou
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 /O interface modules and a plurality of
pump controllers in various configurations without being limited by the
processing power of the pump controllers. BRIEF DESCRIPTION OF THE
DRAWINGS [0015] A more complete understanding of the present

iNnvventionn and the advvantanec thearanf mav he acariired by referrina to the



and apparatus for interfacing a pump controller with other device(s);

[0024] FIGURE 9 is the top side view of a circuit board implementing one
embodiment of a pump controller; [0025] FIGURE 10 is the bottom side
view of the circuit board of FIGURE 9; [0026] FIGURE 11 is the top side
view of a circuit board implementingggne embodiment of a pump 1/0
interface module; [0027] FIGURE 12 is thi bottom sidec}/iew o.fdthe circuit ¢
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company). [0035] In the example of FIGURE 1, pump controller 20
communicates 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
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pressure sensors, including those manufactured by Metallux AG, of Korb,
Germany The face of pressure sensor 112 that contacts the process fluid
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define hamber 155 and dispense chamber 185. Dispense pump

1001910 OER e 4rivge i ainatins ¥I6ER BNBIHESH SofiauMPTIeRtEietiaplemented as
mateffdiBBesad satitrase materials do not react with or is minimally
reactive with many process fluids, the use of these materials allows flow
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 fluid
manifold. Dispense block 205 can include various external inlets and
outlets including, for WO 2007/067354PCT/US2006/045127 12 example,
inlet 210 through which the fluid is received, vent outlet 215 for venting
fluid during the vent segment. [0049] Supply lines 260 provide pressure or

vacinimm to vvah/e nlate 220 which hace a nliiralitny of vvalvvee confiaiired to



Thus, data communications interface 5004 as illustrated in FIGURE 5
would require at least 22 lines. These lines may be bundled as a data
communications medium 5002. [0055] FIGURE 6 is another example of a
WGP AL ES mmunications system 500 for transferring data"etWedHe445:27
. pump controller and a track device, Similar to system 5000, system 5700
uses discrete lines to carry discrete s nals getween tpeé) @“H;%QQ errgrmer data
iDDZO&ndFﬂﬁéJ{?E&%@\ﬂ!?@i?’@maf%%?uﬁa% ﬂ?& SPRS FHEUR 9
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the P may mean that either or both the interface at the pump
[oozgontaerer/agd theyiaieriace abibsstiaakrisvice willdairesta beachatuge thr

corre%ar%ré%m é&k‘ogg%{ﬁ% H’]MIS&HQ%I mystem 5000 of FIGURE 5

and system ave severa |tat|ons First, the number

[0023¢ cb %%%@dﬂﬂ@ﬂd(ﬁafar&tr@%{%%%”ﬁ PG BYREBIAH §RPRINEPT )i System
FIGEHR Bfpsraakes theeciblegos padlesddradatandbroimerieakiofs: interface
{Oﬂzzgoog Hlli& - dRRHERING BY SIEMS: WL MHBRlR RUBIRS SRMPE AR diment of a

ootprint, t is can be problematic as the cabling will take up valuable
spa@émﬂdﬁﬁ?ﬁﬂlﬁry, the discrete lines are distance limited. As another
[0028imiteitniRE dhic trarmitvoatidn saaterfdve 004 bfdFGUREWSNE Amited to
(oo SNt BiSREE e IRRHES GG lGhb scsciR o RASABNnd/dhe daplatinent of
computer with which cont%#;r 5006 communicates requires more discrete
sigrARVBRECBIRARTRIMGRNR interface 5004 and pump controller 5020
[0027].e. Fthe/RErtiardabpitonpsBo1aywmishe sitstiritpadd piHaBtRe fimitation,

[0028) IO RRYRIOREEL WW%%?gﬂ%ﬁ%Eﬁ?ﬁ&\%B@mktf@Mem for
communications (e network), If a pu
prane‘?ﬁg%rn‘%CWadj td beer pTef)ce%Int{ﬁeEeesn rlg repi acreﬁg]r%eer)l(gtP &}%@Sﬁag o he "
recofifiguesacE oo, if a pump that uses 22 discrete lines is

[0028ePlaredrwthady BEgaHERs AT sisstaleripbsmastootytsetdatasystem for
communications interfaces will QB8 through multil
B T e e e
S200670uH3 IterBeR MAERANd/or re-arbitrated on the network in order to
function properly. This process could slow the time required for the

replacement pump to come-pRyliag {2ee.AiEmERdiments of the present

invention address these limitations with a versatile 1/O Séstem : metho "
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diagiathefeticeeptisentation refoessemntiodimeriaiaanti@isystéke 6606rals are -

havipg an, I QJpist @&sr%eyae%é};om@mééé@tfmgﬁeﬁ@@m@g@ump 5100
with a device 5616. In the embodiment of FIGﬁf%
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formedl {08 packet an hsmitted serially over a second serial port. In
the example shown in FIGURE 7, clock lines 5530 carry synchronization
clock signals and slave enable lines 5532 carry signals related to the
transmission of data. [0059] As can be noted, the configuration of FIGURE
7 requires only 14 conductors. These lines can be bundled into a single
cable 5502 or multiple cables. For example, data communications

interface 5504 can connect through a standard 15- conductor cable that
ran aviend in eveece Nnf three metare It choiild bhe noted that the maore nr
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to interpret and act on that signal is allocated between 1/O interface

module 5550 and pump controller 5520. The allocation could be
i HIBUEETE. 9., 50-50) or optimized {e.g., a smart pump corftfaifEFPe{045127
smart 1/O interface module), depending upon implementation. For

exa | e, o] intertace. module 5550 simpl
pro%ti?g%r@%é?aﬂ@%@%ﬁéaﬁ\%%%%C{F’ﬁJusﬁlrgS}c? i S%%?y ﬁﬁrlg@ élmplary
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perfaspanashiah 15 RIAR SALALIHACHARS: I thisyway, very little
0034?%@%%@ ?,nd hence cor%putatlonal power and memory is required at
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the DasieiTangtiens 10 conmoludeatiold se)remds/al vesipcaliyolarstimed a pump
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correspondingly eguipped), to service more than one pumps. |
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communications interfaces, one mterﬁa_clng he pump controller and one
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intenadeldERinasttnpetigettte in interpreting and acting on data received.
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or work with just about an)%pump [ field. For example, th

inteFfAta PERYaRRISE! SiskaRernel eive Shother rarie deyica 18 irrerdine
if theoptainjpzeszbiitsonded febuniives thiefon otorritiogrial speraddheseump 100.
signafsdecasnerate ook pimulRice SIgRAL (fo8esE5dR 200 Aame

sensor signals) and send th?m back to the track device to prevent errors.
Théﬁ?&“ﬁﬁ%‘}?a CPTB TR BLAYRAGTR YISl RY3S LA fake” analog
voltEYSIRBE R wESs! Bl bSre(Trrxaniinstiumedispe Bedast 3¢ beseOther
“fakgngighgls may include purge fault signal, temperature signal, etc.
Th "fake" signal elp.in reducing errors and in. calibrating the )
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discrete outputs. However, other interface modules could support mor
inp T8RP BIRERS ARcPtes SRipPRAS IS iRs st A eriine Al TRHBRO HOO-
ratb?eidttimmhwmg@cmmdﬂeezmactammmarai&aﬁen&ifrrt_eﬁ&o@ﬁﬁﬁﬁpaﬁé%w
PURIREANH LSRR BHOTRRRLOR, MEHSRAHRIPIISRAG LR

interfacg m?dule 5550 with a new or different version of the I/O interface
maRfUIR B GG VR HE b rRUIB AR SR RN e SRS RS Hgplicity.
chdigepfeonirallfo 20 dis etetioluariouspu s tenh toafive olisoretel to cause
input/output system, the user could simply replace /O interface module
5550 with a new 1/O interface module that supported five discrete lines.
Furthermore, if the user changes computer systems and/or has a new
physical interface, the user can change out I/O interface module 5550 with
one that can accommodate the new physical interface and/or the new
computer system(s) without needing to change any interface at the pump.
This shortens the time it takes the new system (and hence the user) to

establish/re-establish communications with the pump. [0068] Another
ardvvantane nrovvided by embodimaente of the nrecent invventinn ic that the
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pump 100 to accurately dispense fluids, including low viscosity fluids (i.e., less than
9 centipoire) or other fluids.

FIGURE 2 is a diagrammatic representation of a pump 100. in this example, pump
10¢ is & mulli-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 fluld flow perspective, is filter 120 to filter impurities from
the process fluid. A number of valves can control fluid flow 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 fluid at
dispense stage 110. The pressure determined by pressure sensor 112 can be
used fo controf 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 Metaliux AG, of Korb,
Germany. The face of pressure sensor 112 that contacts the process fluid can be
Tefion®,

Feed stage 105 and dispense stage 110 can include rolling diaphragm pumps to
pump fiuid in pump 100. Feed-stage pump 150 (*feed pump 150”), for example,
includes a feed chamber 155 fo collect fluid, a feed stage diaphragm 160 to move
within feed chamber 155 and displace fiuid, 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 fo lead screw 170. Feed motor 170 rotates a nut that, in
turn, rotates lead screw 170, causing piston 165 to actuafe. - Dispense-siage pump
180 (“dispense pump 180"} can similarly include a dispense chamber 185, a
dispense stage diaphragm 190, a piston 182, a lead screw 195, and a dispense
motor 200, Dispense motor 200 can drive lead screw 195 through a threaded nut
(e.,g.,.a Torion or other material nut).

During operation of pump 100, the valves of pump 100 are opened or closed to
allow or restrict fiuid flow to various portions of pump 100. These valves can be
pneumatically 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.

The following provides a summary of various stages of operation of pump 100.
However, pump 100 can be conirolled according {o a variety of control schemes
including, but not limited to those described in [U.S. Provisional Patent Application
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Serial No. 60/741,682, filed December 5, 2005, entitled “"SYSTEM AND METHOD
FOR PRESSURE COMPENSATION IN A PUMP" by inventors Cedrone et al. [Alty.
Dkt. No. ENTG1800]; U.8. Patent Application Serial No, 11/502,729, filed August
11, 2006, Entitled "SYSTEMS AND METHODS FOR FLUID FLOW CONTROL IN
AN IMMERSION LITHOGRAPHY SYSTEM” by inveniors Clarke et al, [ATTORNEY
DOCKET NO. ENTG 184071, U.S. Patent Application Serial No. filad __

, enfitled “SYSTEM AND METHOD FOR CORRECTING FOR
PRESSURE VARIATIONS LISING A MOTOR” by Inventors Gonnelia ef al. [Afty.
Dt No. ENTG1420-4}; U.S. Patent Application Serial No. 11/282,559, filed
December 2, 2005, enlitled “SYSTEM AND METHOD FOR CONTROL OF FLUID
PRESSURE” by Inventors Gonnella et al. [Atty. Dkt. No. ENTG1630}; U.S. Patent
Application Serial No. 11/364,286, filed February 28, 2008, entitled “SYSTEM AND
METHOD FOR MONITORING OPERATION OF A PUMP” by Inventors - Gonnella et
al. [Atty. Dkt. No..1630-1], each of which is fully incorporated by reference herein,
to sequence valves and contro) pressure. According o one embodiment, pump
100 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, iniet valve 125 is opened and feed stage pump
150 moves (e.g., pulls) feed stage diaphragm 160 to draw fluid inio feed chamber
185. Once a sufficient amount of fluid has filled feed chamber 155, inlet vaive 125
is closed. During the filtration segment, feed-stage pump 150 moves feed stage
diaphragm 160 fo displace fluid from feed chamber 155. Isolation valve 130 and
barrier valve 135 are opened 1o allow fluid o flow through filter 120 {o dispense
chamber 185. isolation valve 130, according to one embodiment, can be cpened
first (8.g., in the “pre-filtration segment”} to aliow pressure fo build in filter 120 and
then barrier valve 135 opened fo allow fluid flow info dispense chamber 185.

During the filiration segment, dispense pump 1806 can be brought to its home
position. As described in United States Provisional Patent Application No.
80/630,384, enfitled "SYSTEM AND METHOD FOR A VARIABLE HOME
PQOSITION DISPENSE SYSTEM” by Laverdiere, et al., filed Nov. 23, 2004 [Afty.
Dkt. No. ENTG1580] and PCT Application No. PCT/US2005/042127, entitied
“SYSTEM AND METHOD FOR VARIABLE HOME POSITION DISPENSE
SYSTEM", by Laverdiere et al., filed Nov. 21 2005 [Atty. Dki. No, ENTG1580/PCT],
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 maximurm available volume that
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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 pump 100.
Feed pump 150 can similarly be brought to a home position that provides a volume
that is less than its maximum available volume.

At the beginning of the vent segment, isolation valve 130 is openad, barrier valve
135 closed and veni 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 controlier because the pressure in the dispense chamber, which
can be measured by pressure sensor 112, will be affected by the pressure in filter
120. Feed-stage pump 150 applies pressure to the fluid to remove air bubbles
frarn filter 120 through open vent valve 145, Feed-stage pump 150 can be
sontroiled io cause venting to ocour at a predefined rate, allowing for longer vent
times and lower vent rates, thereby allowing for accurate control of the amount of
vent waslie. [f feed pump is a pneumatic style pump, a fluid flow restriction can be
placed in the vent fluid path, and the pneumatic pressure applied fo feed pump' can
be increased or decreased in order fo maintain a “venting” set point pressure,
giving some control of an other wise un-controlied method.

At the beginning of the purge segment, isolation valve 130 is closed, bartier 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 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 pump 100 (e.q.,
returned fo the fiuid source or discarded) or recycled fo feed-stage pump 150.
During the ready segment, isolation valve 130 and barrier valve 135 can be opened
and purge valve 140 closed so thal feed-stage pump 150 can reach ambient
pressure of the source {e.g., the source bottle). According to other embodimenis,
all the valves can be closed at the ready segment.

During the dispense segment, outlet valve 147 opens and dispense pump 180
applies pressure to the fiuid in dispense chamber 185. Because outlet valve 147
may react to conirols slower than dispense pump 180, outlet valve 147 can be
opened first and some predetermined period of time |ater 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
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nozzle caused by the valve opening (it's a mini-pump), foliowed by forward fiuid
motion caused by motor action. In other embadiments,; outlet valve 147 can be
opened and dispense begun by dispense purmp 180 simultaneously.

An additional suckback segment can be performed in which excess fluid in the
dispense nozzle is removed. During the suckback segiment, 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 fo such fluid back into the dispense chamber. The suckback
segment heips prevent dripping of excess fluid onto the wafer.

Embodiments of pump 100 may employ various pump control mechanisms and
valve timings o help reduce deleterious effects of pressure on a process fluid.
FIGURE 3 is a diagrammatic representation of exemplary valve and dispense
motor timings for various segments of the multi-stage operation of pump 100 of -
FIGURE 2. Other sequences of operation 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. 1t should be noted, however, other valve fimings can
be utilized in various embodiments of the present invention. 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 dispenseffill 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.

The opening and closing of various valves can cause pressure spikes in the fivid
within pump 100. Because outlet valve 147 is closed during the stalic purge
segment, closing of purge vaive 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
particutarly, in many cases before a fluid is dispensed from chamber 185 & 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
pump 100. At the end of the stafic 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 exira fluid (approximately equal to
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the hold-up volume of purge valve 140) into dispense chamber 185, which, in furn,
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 baseling) may cause problems with 2 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 grealer percaniage of
the baseline pressure desirable for dispense.

[0048] More specifically, because of the pressure increase that ocours due 1o the closing
of purge valve 140 a “spitling” of fluid onto the wafer, a double dispense or other
undesirable fiuid dynamics may occur during the subseguent dispense segment if
the pressure is notf 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 fluid dispensed, or other characterisfics 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. To account for
unwanted pressure increases 1o the fluid in dispense chamber 185, during the
static purge segment dispense motor 200 may be reversed to back out piston 182
a predetermined distance o compensaie for any pressure increase caused by the
closure of barrier valve 135, purge valve 140 and/or any other sources which may
cause @ pressure increase in dispense chamber 185.

[0047] The above-described pump control mechanisms provide pump 100 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. Other pump confrol mechanisms and valve timings may also
be utilized or otherwise implemented to help reduce undesirable effects of pressure

' oh a process fluid.

i0048] FIGURE 4 is a diagramimatic representation of one embodiment of a pump
assembly for pump 100, Pump 100 can include a dispense biock 205 that defines
various fluid flow paths through pump 100 and at least partially defines feed
chamber 185 and dispense chamber 185, Dispense pump biock 205 can be a
unitary block of PTFE, modified PTFE or other material. Because these materials
do not react with or is minimally reactive with many process fluids, the use of these
materials allows flow passages and pump chambers {0 be machined directly into
dispense block 208 with a minimum of additional hardware. Dispense block 205
consequently reduces the need for piping by providing an integrated fluid manifold.
Dispense block 205 can include various external inlets and outlets inciuding, for
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example, inlet 210 through which the fiuid is received, vent outiet 215 for venting
fiuid during the vent segment.

Supply lines 260 provide pressure or vacuum to valve plate 230, which has a
piurality of valves configured to alfow fluid fo flow to various components of pump
100. Actuation of the valves is conirolled by valve conirol manifold 302 that directs
sither pressure or vacuum to each supply line 260. Each supply line 260 can
include a fitting (e.g., fitting 318) with a small orifice. This orifice may be of a
smaller diameter (e.q., approximately .010 inches in diamster) than the diameter of
the corresponding supply line 260 to which fitting 318 is attached. Thus, the orifice
of fitting 318 may serve to place a restriction in supply line 260. The orifice in each
supply line 260 helps mitigate the effects of sharp pressure differences between
the application of pressure and vacuum o the supply line and thus may smooth
transitions between the application of pressure and vacuum fo the valve. In other
words, the orifice heips reduce the impact of pressure changes on the diaphragm
of the downstream valve. This aliows the valve to open and close more smoothly
which may lead to increased to smoother pressure fransitions 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.

Vaive control Manifold 302 can inciude a set of solenoid valves io seiectively direct
pressurefvacuum to valve plate 230. When a particular solencid is on thereby
directing vacuum or pressure o a valve, depending on implementation, the
solencid 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 controfl manifold 302 from
affecting fluid in dispehse block 205. Such a back piate 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 387 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 FIGURE 3, valve control manifold 302 can be located at the
distal end of PCB 397 from dispense block 205 to reduce the affects of heat on the
fluid in dispense block 205. Additionally, to the extent feasible based on PCB
design and space consiraints, components that generate heat can be placed on the
side of PCB away from dispense block 205, again reducing the affects of heat.
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Pump 100 includes several interfaces for communications with a pump controller
{e.g., pump conirolier 20 of FIGURE 1), which, in the example of FIGURE 3, is
implemerded on PCB 397. Exemplary interfaces of pump 100 may include cne or
more wires (nbt shown) that enables pressure sensor 112 to communicate
pressure readings to confroller 20. Dispense motor 200 can include a motor
control interface {not shown) o receive signals from pump controller 20 o 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 confrol signals from and communicate information
0 pump coniroller 20.

it should be noted that the pump 100 described above is provided by way of
example, but not limitation, and embeodiments of the present invention can be
implemented for other pump configurations.

As discussed above, pump controlier 20 can provide signals locally and/or
internally to the various motors and the solenoid (i.e., fo open/close the valves) and
provide data fo other devices (remote or external to pump controlier 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 fo transmitfreceive data corresponding to a man-machine
interface ("MMI™). The discrete lines, on the other hand, carry signals such as
trigger signals, alarm sighals, etc. Each discrete line is for a dedicated function and
carries a signal having a parlicular purpose {e.g., a sighal on the discrete line had a
specific purpose or meaning to the pump coniroller). For example, the changing of
state on a particular discrete line (e.g., going from low to high or high fo low) could
indicate the start of dispense, whereas a signhal on another discrete line could
indicate the end of dispense.

FIGURE & illusiraies a prior data communications system 5000 for transferring daia
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 fines 5014. Device 5016 (e.g., @ man-machine inferface
device such as a computer or a manufacturing tool) has a data communications
interface 5006 which corresponds to data communications interface 5004. Serial
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conneciions 5008 can be used, for example, fo communicate data related to device
5016. Discrete input lines 5010 can be used fo transport discrete signals, such as
Go, Stop, Clear Error Function, to pump 5018. Discrete outpuls 8012 can be used
{o carry discrate signais, such as Ready, Error, Warning, to device 5016. Each
discrete input line and discrete output carries a signal having a discrate meaning
(e.g., 2 signal on a discrete line has a specified meaning to pump controller 5020).
Thus, data communications interface 5004 as Hilustrated in FIGURE 5 would
require af least 22 lines. These lines may be bundled as a data communications
medium 5002.

FIGURE 6 is another example of a prior data communications system 5700 for
transferring data between a pump coniroller and a track device. Similar fo system
5000, system 5700 uses discrete lines to carry discrete signals between the pump
controller and the frack device (i.e., a manufacturing tool). As FIGURE 6
exemplifies, there is a one-to-one correspondence of line communication between
the pump controller and the track device. Additionally, because each data packel
is sent directly to the pump conirolier, it is interpreted and acted upon in real time.
Furthermore, changing the pump controller or the pump may mean that either or
both the interface at the pump controfier orfand the interface at the track device will
have to be changed correspondingly.

Data communications system 5000 of FIGURE 5 and system 5700 of FIGURE 6
have several limitations. First, the number of conductors required (i.e., at least 22
in FIGURE 5 and at least 17 in FIGURE 6) makes the cable or cables for data
communications interface 5004 bulky. In pumping systems with multiple pumps
and/or limited footprint, this can be problematic as the cabling will take up valuable
space. Additionally, the discrete lines are distance limited. As another limitation,
data communications interface 5004 of FIGURE 5 is limited to eight discrete inputs
and eight discrete outputs. Therefore, if the tool or computer with which controller
5006 communicates requires more discrete signals, data communications interface
5004 and pump controller 5020 (i.e., the hardware at pump 5018) must be
changed. As another limitation, prior developed pumps were typically connected io
a network for data communications (e.g., an RS8-232 network). If a pump
expsrienced problems and had to be replaced, the entire replacement pump has to
be reconfigured. For example, if a pump that uses 22 discrete lines is replaced
with a pump that uses 17 discrete lines, not only the data communications
interfaces will have to be changed, the eniire replacement pump will have fo be
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quaiified and/or re-arbitrated on the network in order to function properly. This
process could slow the time required for the replacement pump to come on-line.
Embodiments of the present invention address these limitations with a versatile 7o
system, method, and device interfacing the pump with other device(s). FIGURE 7
is a diagrammatic representation of one embodiment of an YO system 5500 having
an YO interface device or module 5550 for interfacing & pump 5100 with 2 device
5616. In the embodiment of FIGURE 7, pump 5100 comprises a pump controller
5520 which is similar to pump confrolier 20 as described above. Pump controller
5520 includes a data communications interface 5504 for communicating data
to/from pump 5100. Data communications interface 5504 can include serial data
ransmission lines 8522 and 5524; serial data receive lines 5526 and 5528: clock
iines 5530; slave enable lines 5532; and power/ground lines 5534.

Dispense process parameters, recipes, system variables and other process data
can be transferred toffrom pump controller 5520 on one set of serial lines (e.g.,
serial fransmission lines 5522 and serial receive lines 5528). The other serial lines
can be used o transmit, for example, triggers, error indications, and other pieces of
data formerly carried as discrete signals. In one embodiment, these pieces of data
are formed into a packet and transmitted serially over a second serial port. In the
example shown in FIGURE 7, clock lines 5530 carry synchronization clock signals
and slave enable lines 8532 carry signals related to the transmission of data.

As can be noted, the configuration of FIGURE 7 requires only 14 conductors.
These lines can be bundled into a single cable 5502 or multiple cables. For
example, data communications interface 5504 can connect through a standard 15-
conductor cable that can exfend in excess of three meters. 1t should be noted that
the more or fewer serial communications lines can be used and discrete
communications lines can also be used, depending on implementation.

IfO interface module 5550 comprises a first data communications interface 5506
and a second data communications interface 5804. As exemplified by FIGURE 8,
IO interface module 5550 may be implemented fo include a third data
communications intetface (not shown in FIGURE 7). This third data
communications interface may connect /O interface module 5550 with a man-
machine interface (“MMI”) for programming and/or diagnostic purposes, First data
communications interface 5506 corresponds to data communications interface
5504 of pump controller 5520. For exampie, data communications interface 5506
can also connect to the standard 15-conductor cable (e.g., cable 5502). Second
data communications interface 5604 corresponds to data communications 5606 of
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device 5616. Second data communications interface 5604 does not have fo match
data communications interface 5504 of pump controller 5520 and can customized
or otherwise configured to accept just about any cabling, including existing,
standard, or customized pump cabling, info interface module 5550. Accordingly,
cable 5602 conneciing data communications interface 5604 and data
communications interface 5602 can be standard or customized. For example, data
communications interface 5604 can accept, by way of example, but not limitation,
RS-232, RS-422 or RS-485. In this way, /O interface module 5550 can interface
the data communications interface of a pump with another typs of interface used by
the device communicating with the pump. Furthermore, YO interface module 5550
can interface the pump with a network (e.g., an RS-232 network or other network).
1O interface module 5550 can further include a processor 5556 (e.g., CPU, PIC,
DSE, ASIC or other processor) and associated logic coupled to (i.e., capable of
communicating with) first data communications interface 5506 and second data
communications interface 5604. One example of a processor is & PIC
PIC18F8720-I/PT 8-bit microcontrolier by MICROCHIP Technology Inc, of
Chandier, Arizona. A computer readable medium 5558 (e.g., RAM, ROM, Flash
memory, EEPROM, magnetic storage, optical storage) or other computer readable
medium can carry software or program Instructions 5552 executable by processor
5556. It should be noted that computer readable medium 5558 can be onboard
processor 5556, Furthermore, instructions 5552 are executable io transiate data
received on data communications interface 5604 to a format usable by pump
controller 5520 and data received via data communications interface 5506 to a
format usable by device 5616 connected via data communications interface 5604.
For example, O interface module 5550 can inciude logic to map discrete line
signals to bits in a packet for serial communication.

As an exampie, assume data communications interface 5604 includes setial
communications lines 5862 to transfer process variables and other variable data
(e.g., data associated with device 5616) toffrom pump 5100, line 5666 for Trigger 1,
line 5668 for Trigger 2, line 5670 for Trigger 3, line 5672 for Clear Error, line 5674
for the Ready signal, line 5676 for an Error Signal, fine 5678 for a pre-dispense
signal, and line 5680 for a dispense signal. When /O interface module 5550
receives serial data via serial communications lines 5662, /O interface module
5550 can pass the data to pump 5100 on serial communications fines 5526 with or
without manipulation. When IO interface module 5550 receives data on line 5666,
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5668, 5670 or 8672, /O interface module 5550 can set a corresponding bitin a
packet and send the packet to pump 5100 on serial data lines 5526 or 5528,
Further assume, for example, that /O interface module 5550 forms 12 byte packets
with 4 bytes (i.e., 32 bits) reserved for fransmitting data received over inferface
5508 to pump 5100 and operates at 3 kHz. Each line (up to 32 lines in this case)
can be assigned a bit in a packet. Thus, for example, when a signal is received on
line 5668 indicating Trigger 1, VO interface module 5550 can set the first data bit
{or other bit corresponding {o line 5066) in the next outgoing packet. When pump
5100 receives the packet, pump controller 5520 will read the bit and understand
that Trigger 1 is being asserted and act correspondingly. In the opposite direction,
pump controller 5520 can pass data, such as a Ready state, to O interface
module 5550 in an appropriate bit (i.e., a data bit in the packet corresponding to
line 5674), When /O inferface module 5550 recaives the packet from pump 5100,
YO interface module 5550 can assert the appropriate state on line 5674. Thus, in
this example,' 1O interface module 56550 acts as a paralle! to serial converter for
pump data.

1O interface module 5550, according io one embodiment, can be agnostic o the
meaning of signals asserted on various lines and set in corresponding bits. For
example, when I/O interface module 5550 receives a signal on line 56886, it simply
sets the appropriate bit in the next outgoing packet to pump 5100, In this case,
pump controller 5520 at pump 5100 is responsible for interpreting the received bit
as Trigger 1. It should be noted that the software at pump 5100 can be user-
configurable to interpret bits to correspond fo certain states. For exampie, the
software can be configured fo use data bit one as the Trigger 1 bit or data bit five
as the Trigger 1 bit. Thus, the software at pump 5100 can provide for flexibility in
interpreting/forming the inpui/output packets.

Similarly, when l/O interface module 5550 receives a packet from pump 1500 with
the bit corresponding to line 5674 set, /O interface module 5550 can assert a
signal on line 5674. In this case, device 5618 {to which the signal is asserted) is
rasponsible for interpreting the signal o indicate the ready state. Other bifs in the
packets sent from /O interface module 5550 can inciude, for example, the module
type, addressing information or other information. According to other embodiments
of the present invention, /O interface module 5550 can include programming
and/or suitable logic fo interpret the bits set by pump 5100 or signals asserted on
interface 5604 to take action in response to the bits/signals. In some
embodiments, after a signal from device 5616 is received at /O interface module
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between /O interface module 5550 and pump coniroller 5520. The ailocation could
be distributed (e.g., 50-50) or optimized (e.g., a smart pump controller or & smart
/O interface module), depending upor implementation. For example, in some
embodiments, /O interface module 5550 simply provides serial-parallel data
conversion, thus requiring very littte computational power and memory. In some
embodiments, VO interface module 5550 can be configured (and correspondingty
equipped) to perform most of the pump conirol functions. In this way, very little
intalligence and hence computational power and memary is required at the pump
controller. Such a pump confroller would only need o handle the basic functions to
conirol the motor{s) and vaives locally. in some embodiments, VO interface
module 5550 can be configured (and correspondingly equipped) to service more
than ane pumps. | :

FIGURE 8 is a block diagram representing one exemplary embodiment of an /O
interface system 5800 comprising an VO interface apparatus for interfacing a pump
controller (e.g., the pump controlier of the IntelliGen® Mini Photochemical Dispense
System) with an external Track device. In this example, similar to PCB 397 of
FIGURE 3, the I/C interface apparatus of system 5800 is implemented on a PCB.
Similar to /O interface module 5550 of FIGURE 7, the /O interface PCB of system
5800 has a processor, & memory, insiructions embodied on the memory, and two
data communications interfaces, one interfacing the pump controlier and one
interfacing the track device. FIGURE 8 iflustrates, by example, that the /O
interface PCB has intelligence in interpreting and acting on data received. The /O
interface PCB of FIGURE 8 can be readily customized 1o replace or work with just
about any pump in the field. For example, the /O interface PCB can use signals
received from the track device to determine if the pump controlier needs to move
the motor. It can also use these signals o generate “fake” or simulated signals
(e.g., encoder and home sensor signals) and send them back o the track device to
prevent errors. The /O interface PCB can be configured to send a constant “fake”
analog voltage that will always be above the minimum dispense pressure. Other
“fake” signals may include purge fault signal, temperature signal, etc. These "fake”
signals can help in reducing errors and in calibrating the smooth and optimal
operation of the pumping system. In addition to input/output functions, the /O
interface PCR can be configured to provide a variety of functions such as the serial-

parallet convearsion and network communications.
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different functionality. For example, in the above example, I/0 interface module
5550 supports four discrete inputs and four discreie outputs. Howsver, other
interface modules could support mare inputs and outputs. If a user wishes to
support an additional function, rather than having to replace data communications
intetface 5504 and/or pump controller 5520 at pump 5100, the user would simply
replace /0 interface module 5550 with a new or different version of the /O
interface module. Continuing with the previous example, if the user wishes to
change from a four discrete input/output system to a five discreie inputiouiput
system, the user could simply replace /O interface module 5550 with a new VO
interface module that supported five discrefe lines. Furthermore, if the user
changes computer systems and/or has & new physical interface, the user can
change out YO interface module 5550 with one that can accommaodate the new
physical interface andfor the new computer system(s) without needing to change
any interface at the pump. This shortens the time it takes the new system (and
hence the user) to sstablish/re-establish communications with the pump.

Another advantage provided by embodiments of the present invention is that the
interface module can handle network addressing if the interface module is
connected to other devices through a network (e.g., an R$-232 network). If the
pump behind the interface module experiences problems and must be replaced, a
new pump can be transparently connected to the old interface module. Because
the network address is associated with the interface module rather than the pump,
the network address does not have to be re-arbitrated when the new pump is
added {o replace the old pump.

Yet ancther advantage provided by embodiments of the present inveniion is to
allow newer pumps, suich as the pump described in U.S. Provisional Patent
Application Serial No, 60/742,435 filed December 5, 2005, entiled “SYSTEM AND
METHOD FOR MULTI-STAGE PUMP WITH REDUCED FORM FACTOR” by
inventors Cedrone et al. [Atty. Dkt. No. ENTG1720] which is incorporated herein by
reference, to interface with older control systems. For example, older multi-stage
pump control systems would assert signals for each pump stage including motor
signals. An interface module can franslate these signals into packetized data and
send the data packsts fo the pump over the 15-line cable. The pump sofiware can
read the data packet to determine which bits are set and take the appropriate

action {e.g., close or open a valve, move a motor in forward or reverse etc.). Thus,
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physical interface and implementing an older control routine.

it should be noted that embodiments of the /O inferface modules disclosed herein
may process the signals asserted by the control system fo translate the signiats inio
data usable by the pump. For example, a conirol system may simply assert a
signal to move a motor clockwise or counter clockwise on particular lines as shown
in FIGURE 8. As another example, /O interface module 5550 can transiate the
signal o move a motor clockwise or counter clockwise on particular lines into
position data in the data packet. When the data packel is received at pump 5100,
pump controller 5520 will read the appropriate bits to determine the new position of
a motor (e.g., feed motor/dispense motor). Thus, there may nat be a ane-to-one
correspondence between the data lines and bits in the packet (l.e., no discrete lines
are necessary).

As the above example Hlustrates, a signal on a particular line received by /O
interface module 5550 may cause /O processor of controfler 5556 {0 perform some
processing of the signal to set multiple bits. Similarly, multipie bits in a packet
received from pump 5100 may be processed by /O processor or controller 5556 fo
cause /O interface ‘modu!e 5550 to asser! a signal on a particular line or lines.

In some embodiments, /O interface moduie 5550 is capable of performing analog-
digital conversion. For exampie, /O interface module 5550 can digitize analog
signals to send information received in an analog form to pump 5100 in a packet
and covert packetized data received from pump 5100 to an analog signal.
Additionally, /O inferface module 5550 is capable of supporting some functions
which may not be supported by pump 5100 and which may be expected by the
computer or other device communicatively coupled to pump 5100. In this way, Vo
interface module 5550 can virtuaiize the functionality for pump 5100 and assert
appropriate signals o the external computer or device.

FIGURE 9 illustrates a first or top side 5920 of a PCB implementing one
embodiment of pump controlier 5520. FIGURE 10 illustrates & second {bottom)
side 5925 of the PCB of FIGURE 9 implementing one embodiment of pump
controller 5520, TABLE 1 below provides an example BOM for the PCB of
FIGURE 8 and FIGURE 10:
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RESISTOR, 5.76K,

R15 0603, 100MW, 1% RK73H1JT5761F | KOA/SPEER 576K

, RESISTOR, 1.10K,

R28 0603, 100MW, 1% RK73H1JT1101F | KOA/SPEER 1.10K

R30-33 R96- | RESISTOR, .2, 2512, SR733ATTER200 2

o7 W, 1% F KOA/SPEER OHMS
RESISTOR, 2K, 0603,

R34 T00MW, 1%, 100PPM RK73H1JT2001F | KOA/SPEER 2K
RESISTOR, 2.49K,
0603, 100MW, 1%,

R385 100PPM RK73H1JT2491F | KOA/SPEER 248K
RESISTOR, 1 MEG, 1

R43 0603, 100MW, 1% RK73H1JT1004F - | KOA/SPEER ‘MEG
RESISTOR, 100K, 0803,

R62 R71 T00MW, 1%, 100PPM RK73H1JT1003F | KOA/SPEER 100K
RESISTOR, 2.21K,
0803, 100MW, 1%,

R68 100PPM RK73H1JT2211F | KOA/SPEER 2.21K
RESISTOR, 15K, 0603,

R69 TOOMW, 1%, 100PPM RK73H1JT1502F | KOA/SPEER 15K
RESISTOR, 10, 0603,

R0 R99-103 iOOMW, 1%, 100PPM RK73HM1JT10ROF | KOA/SPEER 10
RESISTOR, 30.1K,

R91-92 0603, 100MW, 1%, RK73H1JT3012F | KOA/SPEER 30.1K




PCT/1JS2006/045127 International Rectifier N/A U2.7 16 bit DSP

TMS320F2812PG FA TI N/A U28 DUAL 2 - 4 LINE DECODER, TSSOP

PACKAGE SN74LVC139APW TI N/A U30-32 U34 U45-46 HIGH SPEED
ANELEIVER SN6SLVDM176D GK TI N/A U35 FIXED LINERRS206/045127

REGULATOR, 15V, 100MA, SO-8 LM78L15ACM National Semi 15V

U38-41 UA4 SMALL SIGNAL DUA

L DIODE BAV99 Fairchild N/A U42

ADJUSTABLE
SWITCHING
REGULATOR,

U SURFACE MOUNT LT1076CQ LINEAR TECH N/A
gegres
5C

temp switch, self trip
uz resetfing 66L080 AIRPAX point
SUPPLY SUPERVISOR, | TPS3838K33DBY | Texas

U3 open-drain T instruments (T1) | 3.3v

3-PHASE BRIDGE-
U4 DRIVER, SOIC, PB free | IR21365PBF IR N/A
Micro-stepping driver .75

U5 amps A3967SLB Allegro N/A
ADJ SWITCHING

ur REGULATOR, 3A PTHO4070WAS Ti N/A
INSTRUMENTATION

Usuioutg | AMPLIFIER ADB23ARM Anaiog N/A
DUAL 256-POSITION
5P, DIG POT, RM-10 _

Ug PACKAGE AD5162BRM50 Analog N/A
SUPPLY SUPERVISOR, | TPS3838E18DBY
U11 open-drain T Ti 1.8v
U12-13 U116~ | 256x16 sRAM, 44pin CY7C1041CV33-
17 TSOP It 12ZC CYCPRESS N/A
SPI SERIAL EEPROM, | AT25128A-10T]-

U1s 128K, LEAD-FREE 2.7 atmel N/A
LDO,LINEAR

U18 REGULATOR, 3.0V TPS78530DCQ Ti N/A
QUAD OP-AMP, rail to

U20 U23 rail, TSSOP ADBBOOARY Analog NIA
TRANSISTOR ARRAY, &

U21 POSTION, SOIC-14 LM3046M National Semi NFA




2.5V DC REFERENCE, SOT23-3 REF3025 TI N/A U49 CMOS

Switched-Cap voltage convertor ADM660AR Analog N/A X3 20Mhz

(l)jystal FIC49SPX - 20Mhz Fox 20Mhz 1.00743 FIGURE 11 is a

2007/067354
d lagram mat

ic representation of a firgf.or top side 5950 of a chictit Byarg+17

- wimplementing.one.embodiment of I/O interface module 5550. FIGURE 12

Is a diagrammatic representation of a second or bottom S|de

circuit board of FIGURE 11 implementing one embodi ent o?ﬁ%ﬁr?t];trkf]ﬁce
U22 omedide 5550 TABL Erdoslow proViBESHSAIRBRETBONRESH G e NIA
Descrlptl()rllltz’valrt”ItljoI | Ill\jéllrtil Jl?agl(j roeL IQ@I%%%T%S?%FReTIe'I%geTPaH
127 Jour. CASE B 850, 1096 S93D10440035D2 Vishay O | VA
DUAL 2 -4 LINE
DECODER, TSSOP
U28 PACKAGE SN74LVC139APW | T N/A
U30-32 U4 | HIGH SPEED SNG5LVDM176D
U45-48 TRANSCEIVER GK Ti N/A
FIXED LINEAR
REGULATOR, 15Y,
U35 100MA, S0-8 LM7B8L15ACM National Semi 15V
SMALL SIGNAL DUAL
U3g-41U44 | DIODE BAVOS Fairchild N/A
2.5V DC REFERENCE:,
u42 S0T23-3 REF3025 Tt N/A
CMOS Switched-Cap
U4 voltage converior ADMBGOAR Anaiog N/A
HC495PX -
X3 20Mhz Crystal 20Mhz Fox EOMhZ_E
[0074] FIGURE 11 is a diagrammatic representation of a first or top side 5850 of a circuit
board implementing one embodiment of I/C interface module 5550. FIGURE 121s
a diagrammatic representation of a second or bottom side 5955 of the circuit board
of FIGURE 11 implemeniting one embodiment of /O interface module 5550,
TABLE 2 below provides a sample BOM for one embodiment of /O interface
module 5550:
TABLE 2
Reforence Part Description Part No. Manufacturer Value
CAPACITOR, TANT,
10uF, CASE D, 35V, 5930D106X9035D2
C1C12 10% W Vishay 10uF
CAPACITOR, Y5V, GRM32DR71E106 .
C2-5 C8 JAuF, 0603, 25V KA12L MuRata JuF




C2-5 C8 CAPACITOR, Y5V, .1uF, 0603, 25V GRM32DR71E106 KAI2L
Mu Rata .1uF WO 2007/067354PCT/US2006/045127 26 CO 013 CAP
MLCC 1210, 6.3V ,X5R,47uF10% ,T&R C1210C476K9OPA C Kemet 47

W Y85 ¥238-30 CAPACITOR, Y5¥ .01uF, 0603, 25V
. C0603C103K5RA C Kemet .01uF D14-
21VGC/TRS CHICAGO MINATU

PCT/US2006/045127
15 LED, GREEN CMD28-

2E_D6.SCHOTTKY-BARRIER-BDIOB

TXINTLT\TUOTOUL

PRLL5810 PAiLMIBSNIA B 7
8.3V  X5R,47uF+£10% | C1210C476KIPA
C6 C13 JT&R C Kemet 47 uF
C7 C8 CAPACITOR, Y5V, COB03C103K5RA
£28-30 .01uF, 0803, 25V C Kemet O1uF
CMD28- CHICAGO
14-15 LED, GREEN 21VGC/TRE MINATURE
SCHOTTKY BARRIER
D6 DIODE PRLL5819 PHILLIPS N/A
27V Zener Diode, 27
D7 surface mount SOD87 | BZD27-C27 PHILLIPS volts
FUSE, LEADED, 1.5
F1-3 AMPS R25101.5 LITTLEFUSE 1.5A
J1 15 pin sub-D, female 172-E£15-202-021 | Norcomp 15 pin
1.5 MM 5 PIN
HEADER, SURFACE
J31 MOUNT BEB-ZR-SM3-TF | ST MFG CO 5 PIN
J4 15 pin sub-D, male 172-E16-102-021 | Norcomp 15 pin
SURFACE MOUNT 680
L1 INDUCTOR, D05 | DO5022P-684 COIL CRAFT uH
R1 R3-10
R55-80
R73-74
R77 R88 | RESISTOR, 10K, 0603, | RK73H1JTTD100 | KOA, SPEER
R93-94 100MW, 1%, 100PPM | 2F ELECTRONICS 10K
RESISTOR, 2.67K,
0603, 100MW, 1%, RK73H1JTTD267 | KOA, SPEER
R11 100PPM 1F ELECTRONICS 2.67K
RESISTOR, 100, 0603, | RK73H1JTTD100 | KOA, SPEER
R16-21 100MW, 1%, 100PPM | OF ELECTRONICS 100
RESISTOR, 100K,
0603, 100MW, 1%, RK73H1JTTD100 | KOA, SPEER
R2 100PPM 3F ELECTRONICS 100K
R50-52 RESISTOR, 1K, 0603, | RK73H1JTTD100 | KOA, SPEER
R&54 100MWY, 1%, 100PPM | 1F ELECTRONICS 1K




27V Zener Diode, surface mount 50D87 BZD27-C27 PHILLIPS 27 volts

F1-3 FUSE, LEADED, 1.5 AMPS R251 01.5 LITTLEFUSE 1.5A J1 15 pin
sub- D female 172-E15-202-021 Norcomp 15 pin J31 1.5 MM SPIN

WREABER S0

RFACE MOUNT B5B-
15 pin sub-D, male 172-E15-102-02

ANOLINE-D

-SM3-TF JST MEG ClY EPifR§ofp45127
Norcomp 15 pin L1 SURFACE

~TOR-_DhOS nnr:n')f)n f‘O/I_{"f'\II f‘l‘)I\FT

R "“HE‘SISTGR 22K, T
0603, 100MW, 1%, RK73H1JTTD221 | KOA, SPEER

R68 100PPM 1F ELECTRONICS 2.21K
OPTOCOUPLER,

L1-2 QUAD, SMD-16 ILQ66-4X008 VISHAY NIA

NATIONAL

TRANSISTOR ARRAY, . SEMICONDUCTC

U4 5 POSTION, SOIC-14 | LM3046M R N/A

international

25 Pual FET, micro8 IRF7503 Reciifier NIA
LDOLINEAR
REGULATOR, 3.3V,

U3 1A TPS7963312CQ Ti N/A
ADJUSTABLE
SWITCHING
REGULATOR,

U30 SURFACE MOUNT LT1076CQ LINEAR TECH N/A
3V MULTICHANNEL

U4 RS232 LINE DRIVER | MAX3243CDW Ti N/A
DAUL-SUPPLY BUS SN74LVCAT4ABDC

U5 TRANSCEIVER K Tt NIA
8 BIT MICRO
CONTROLLER, TQFP-

us 80 PIC18FB8720-I/PT | MICROCHIP N/A

Us Usi-

32 U34 HIGH SPEED SNe5LVDM176D

1J45-46 TRANSCEIVER GK Ti N/A
OSCILLATOR,

_ SURFACE MOUNT, 20 20
X1 Mhz F3345-200 FOX Mhz
[0075] Embodiments of the invention disclosed herein provide many advantages. One-

advantage is that, by eliminating the distance limitation imposed by discrete lines

used in prior systems, embodiments of the present invention aliow cable

connections/disconnections to be removed or separate from the area where the

pumD operates.' FIGURE 13 Is a diagrammatic representation of an /O system




680 uH R1 R3-10 R55-60 R73-74 R77 R86 R93-94 RESISTOR, 10K,
0603, 100MW, 1%, 100PPM RK73H1JTTD100 2F KOA, SPEER

%&%&%NICS 10K R11 RESISTOR, 2.67K, 0603, 100MW, 1%

R73H1JTTD267 1F KOA,SPEER ELECTRONICE G ERIen4s127

R16-21 RESISTOR, 100, 0603, 100MW, 1%, 100PPM RK73H1JTTD100

OF 5&%&@5 ol oSS ARG, medtitis502 for

100MVV, 19 PPM RK73H1JTTD100
EL HSTRERA CRE RGO R HYBSREY (%) sﬁ@@@ Mh@@a% dfﬂtﬁ%ﬁﬁﬁ%’/o As
100PRERK RBHEIREDI)0'CQ ek SREER TEEE C ERBNCS A KalW© 5502,

200‘%@&@&&&5 Qty!f@%%ﬁ{g@%ﬁle 5551, devices 5602 can control pump _5'200

[0076]

[0077]

[0078]

from some distance away. This is an advaniage because pumps often use harmiui
process chemicals and it can be daﬂgeréus to plugfunplug elecirical connections
near where the pump operates.

As FIGURE 13 exemplifies, /O interface module 5551 can be configured with rmore
than one dala communications interfaces 5506 for interfacing with more than one
pump coniroflers (20a...20n) so that signals/data for multiple pumps can be routed
through a single module. This configuration can greatly reduce cabling. /O
interface module 5551 may have one or more data communications interface 5604
for interfacing with other devices, depending upon implementation.

Another advantage of embodiments of the invention is that the /O interface module
can reduce tﬁe computational power and/or data storage space required at the
pump. In the example shown in FIGURE 13, software instruction 5552 carried on
memory 5558 can cause /O controller or processor 5556 o service the plurality of
pumps 100a...100n in an efficient, consistent manner. For example, while pump
100a is idling, /O controller 5556 can service pump 100b, and so on. Other than
local control funclions such as motor movement, the logic and hence intelligence
for controlling pumps 100a...100n can be aliocated fo /O interface module 8551,
which has a more powerful, faster processor and perhaps bigger memory. This
configuration allows the distribution of the pump coniroiler’'s functionality.

. Furthermore, this configuration can greatly reduce cost because it would be more

economical and efficient to implement expensive parts (e.g., processor, memory,
efc.) on a single module than on a plurality of pumps.

FIGURE 14 is a diagrammatic representation of an /0 system 5502 having a
plurality of I/O interface modules 5552a...5552n and a plurality of cables 5502 for
interfacing a plurafity of pumps 100a...100n with a plurality of devices 5602, In /O
system 5502, the logic for controlling pumps 100a...100n can be aliocated or
distribuied among the plurality of /O interface modules 5552a...5552n. This can
be done without regard to the processing power of pump 100a...100n.
Alternatively, the legic/functionality for confrolling pumps 100a,..100n can be
allocated or distributed among the plurality of /O interface modules 5552a...5552n
and the plurality of pumps 100a...100n. Other implementations are also possible.



27 R68 RESISTOR, 2.21K, 0603, 100MW, 1%, 100PPM
RK73H1JTTD221 1F KOA, SPEERELECTRONICS 2.21K U1-2

‘%T%OUPLER, QUAD, SMD-16 ILQ66-4X009 VISHAY N/AU14
ANSISTER ARRAY, 5 POSTION, SOIC-14 LM3046M NATERIRE6/ 45127
SEMICONDUCTO R N/A U25 Dual FET, micro8 IRF7503 International

e U O N S T o R e
MolaPe ﬁ%g’@sﬁ@@@mbodiments, it should be understood that the description is by

way of example only and is not to be construed in a limiting sense. ltis to be
further understood, therefore, that numerous changes in the details of the
embodiments of this invention and additional embodiments of this invention will be
apparent fo, and may be made by, persons of ordinary skill in the art having
reference to this description. It is contemplated that all such changes and
additional embodiments are within the scope and spirit of this invention.
Accordingly, the scope of the invention should be determined by the foliowing
claims and thelr legal equivalents,



LINEAR TECH N/A U4 3V MULTICHANNEL RS232 LINE DRIVER
MAX3243CDW TI N/A U5 DAUL-SYPPLY BUS TRANSCEIVER
SN74LVC1T45DC K TI N/A U6 8 BIT MICRO CONTROLLER, TOFF-80

WHAT ﬁ%ﬁéﬂ- [PT MICROCHIP N/A U8 U31- 32 U34 U45-46 HIGH
ANSCEIVER SN65LVDM176D GK T1 N/A X1 OSCILLATOR,

SURFA_CE MOUNT, 20 Mhz F3345-200 FOX 20 Mhz [0075]
1. Bmbediraens: ofithesiRventiaa: dissippesthenata ey isieansnynapuntages:olier

One advantage is that, by eliminating the distance limitation,imposed by .
of & P B L BT S S LA oS o TR BB
with at &limivarabiéheo dreicEon sYisTorStibers e 'biad it siese phrRs ERsd In
that thet%é%%t 151%%{9% ggmﬁigggrates. FIGURE 13 is a diagrammatic

re?resen ation of an I/O system
a first /O interface apparatus, comprising:

a processor residing on a circuit board;

a computer readable medium coupled fo said processor and carrying
software instructions executable by said processor; and

at least three data communications interfaces having a first data
communications interface coupled to said processor for cormnmunicating with said at
jeast one pump controller, the first data communications interface including first and
second sets of serial data lines, a second data communications interface coupled to
said processor for communicating with a control device, and a third data
communications interface for connecting the first O interface apparatus with a man

machine interface for programming and/or diagnostic purposes.

2. The input/output system of claim 1, characterized in that the first data
communications interface is coupled to said processor for communicating with said pump
controller via a first cable and the second data communications interface is coupled to said

processor for communicating with a control device via a second cable.

3. The input/output system of claim 1 or 2, wherein said first data communications
interface and said second data communications interface implement different data

communications protocols.

4, The input/output system of claim 3, wherein said first data communications interface
comprises serial data transmission lines for transmitting data to said pump controller, serial
data receive lines for receiving data from said pump controller, ciock lines for carrying

synchronization clock signals, slave enable lines, and power/ground lines.
5. The input/output system of claim 4, wherein said first cable bundles said seriai data
transmission lines, said serial data receive lines, said clock lines, said slave enable lines,

and said power/ground lines.

6. The input/output system of claim 5, wherein said first cable has 15 or fewer



WO 2007/067354PCT/US2006/045127 28 5501 comprising an 1/0
interface module 5551 and one or more cables 5502 for interfacing one or
more pumps 100 (100a ...100n) with other devices 5602. As illustrated in
FIGURE 13, I/O interface module 5551 is at the end of cables 5502. By
condiietdfg into 1/0 interface module 5551, devices 5602 can control pump
5100 from some distance away. This is an advantage because pumps
7. OfteRUSeNAEIILLPALAGERS Ghemica!s,ARcih e JRDgRIUSd8ndable in
plug/unplug electrical connections near where the pump operates. [0076]
excols pfEURSE PIEEemplifies, I/0 interface module 5551 can be configured
with more than one data communications interfaces 5506 for interfacing
o. Wi MOBUANBNEDUTR CPRLAS/R0% 208 0 L ignpleidaln oL
multiple pumps can be routed through a single module. This configuration
intedapefeRmyTes JES D Mg O iR aotiiEssE g drae and pm
said PRFEIRARMBIAHRIGRERNS BHerfapeRROdulonnirsiaping IWER ANEY a discrete
. d?vicesE e ent%ingf upon imPIe. entation. OOH] Another advantage of
IO bSdients o R i VEtiON "R AL the 1O Mtérface module can reduce
the computational power and/or data storage space required at the pump.

g, In t%@#@%ﬁtﬁh@%t%&@% 3 3nReibaEeii Nl oA O ATIRE: RS

. memory 5558 can cause I/O controller or processor 5556 to service the

nte RGeS aM S A B T R Lo EfeFEr o dEHS B S5 2RE rom

saicko@riipl elewibd e ptimpel i s idiiingrdi®ccomtnolenbbh6 Itencsereice ginmple

ssgrE!a‘?QQscﬁ!iEﬂeﬁPvﬁ[r Ohkdbrprosal @%%HH%NP&M‘S such as motor
movement, the logic and hence Intelligence for controlling pumps
100a...100n can be allocated to I/O interface module 5551, which has a

10. morenpavekfulitfasterspsacessamand peshaps diggesone asteycdhiBunications

., confi uratéon allows the dist{.ibu{ion oJ the PYTIR caontroller's functionality.

inteffac %E’OV! =15 %serlaf cfonneci 100N 1C Sal CO{'I’[ Org VICE, .

urthérmore, this configuration can greatly reduce cost because it would
be more economical and efficient to implement expensive parts (e.g.,

11, prggaéiﬁg%%wg@@éﬁw @aﬁiﬁ%%&@iﬂ%ﬂ?@@_&ﬂv@fr@'ﬂﬁlomt@‘rﬁws-
iS a diagrammatic representation of an system .

rar AR PR GRS TG FRCU 0 L S 53 SRR g ion

plurality of cables 5502 for interfacing a plurality of pumps 10a...100n with

17 @ p*\ﬂ'ﬁ%‘%%&'&ﬁ&@@é@ﬂ? ol lfh Y SieRtan Qidheslagirifes eaniraling v s

pumps 100a...100n can be allocated or distributed among the plurality of

COMRASPRANAK MOEIES 83520 MEBYIRAHANE RLRTBESI SRR HUBREGBIICRS SO
for ¢hampuodessiggythweidadtpemspoh@ainiOfmtAlitematively, the
logic/functionality for controlling pumps 100a...100n can be allocated or
distributed among the plurality of I/O interface modules 5552a.. .5552n
12. andTieipRyEAIPEE PUHFHS Aloteim PooheotherifRHeniatascperasyys
conpREsbito Weh3R0FHBEB 4R hIRINOHOAS 12422 400 69 pihawakithe
‘%reser 5 |i,nc\c/)(?}g\ti%p1 igghsnb% d%ls rip]%g L:ipode@taitl)n ?rfi \\I/vitah reference to the
Proffiteatv e Embodime S, IUS 0UId BE tnderstood that the description is by
way of example only and is not to be construed in a limiting sense. It is to
14. be rhensdprsiead cihe et bl fmw%&mraﬂ%mmmt@&@eé
the embodiments of this invention and_additional embodiments oI] thlsi
ProgRTRRAGIAHIBE 4P B e (8N A MK B A 5y et ieny By BrG e
othakilburehie arséraidngdeferenesutathisuesysiptiorthidisotenrediplated thang:
all sheh.rhanggsang sediienabemRdinsnts are Wian G SSQRe e rst

spirit of this invention. Accordingly, the scope of the invention should be

/O IdrEAMFEABYRRETRAIGR Mg claims and their legal equivalents. 30 WHAT
IS CLAIMER#Sedsofn input/output (1/0O) system that is adapted to
interf I Il ' '
Interface af &n@ﬁg{a&%? 24 f%%g%u% Qb gpump LRt ,%%ﬁ?o‘?r &Eéglg{%ng

chemicals to a semiconductor wafer during processi at least o
oth&PBEedNRA SERTCHRRIEEN NRARFEHPHRFEYS@MA, characterized in
that the input/output system comprises: a first I/O interface apparatus,
comprising: a processor residing on a circuit board; a computer
readable medium coupled to said processor and carrying software
instructions executable by said processor; and at least three data

communications interfaces having a first data communications interface
rotinlead to eaid nrocacenr for commiinicatina with eaid at leact one NiiMn



7. The input/output system of claim 5, wherein said first cable is

extendable in excess of three metets. 8. The input/output system of claim

3, wherein said first data communications interface comprises discrete
communications lines for transferring data ta. and fr id.

control B S WA B et e e e A Tt e
disoreteisajitaisdstotiatedoniiehtusritamastsant fivRTUBHIGABRY itngaid at
RG-Sy ISR Qfet i foriarein Saidrseaid fatrsemmuRipafinas and

interface cor&prlses discrete communications lines for ransfe{rrrrffl data t?ed o
gRAMEREERR] BBHH ClIR RS aR G SHAERTR B SO R St LU K cR TGS
lineiqaties ewdiscretersighediagsadiatedonith! @éuivetiondé shid patap
controller dShsI 06/ IPR UL SyRien Alelaimdendierei, salt s9HRNE man
dala communications interface provides a serial connection to said control
desebine interesifpiUYeatpIVRstaRt Gy daRRaStuREFRRTEid software
instructions are translatable to map discrete line signals to bits in a packet
for seria] cgmmunicatijon. 12. The jn t i Zuherain.
15 JoR TR A L s S Can Tt s T e o P aces
providesoaphuaicatib neimerimedstolffe e e S4ibgreeesssieomRRbStating
WiIth SRS @hideashrne BHIBRLHLLNES. o L3pENaRy ok sysenafol
claim 2, wherein said first I/O interface apparatus comprises two or more
conducdgissftata communications interfaces coupled to said processor for
caminunicatizig firkhiSidtatieasnodelearitnciidesitdwaldaia pesivdifations
protocgf‘é? {Jgﬂqsgféé?@%t% RUMP SontrolatabaumBdhatApRliGaREAaes sk finite
chemicals to a semiconductor wafer during processing with at least one
numbespfetgye T a semiconductor manufacturing system, characterized by
comprising: implementing a first I/O interface module on a circuit

ard, wherein said first.1/Q) int : comnrises
16.  _ihg rﬁ‘\é@?&g rég %glé?eﬁlﬁistéfa/ﬁ%? %ﬁﬁﬁg 98%%91%8 LfFrfPlerfref5ce module

) M C e said processor and carrying
for mappi diecieterlinticianaiedetiinie ByPashalfes S868bFOHBUARSAtION. 5t |east

three data communications interfaces having a first data communications

interface coupled to said processor for communicating. wi id.

i 1

7. oHEGAER BT e e TR RO oS T AR, o
for inteaipic Seg sigthale thavh seeizi it enssas seid P o deyiee meADIREtir first data
commilIRHRGE Ui 18Ik RrRsE SaRkipLAaMEuIBIGAl RgseitHaBpEsatroller

device, and a third data communications device, for, %onne tin%.trllie iﬁrfsrt ”Qs,aid
acoordi S H5ps ARl GATTARIGRI RS TRLGHECE 151 RS CV R MANG S0y
pump cirgnstiedqordovges skf Jdemiathedcofrchaincadomehardineatid ehsaitdst

corres?ga?i%%\gr% RQ@H%i&%t&ﬂﬁrmt@étﬁ&@ﬁﬁ&&iﬂ@%@s@kﬁrﬂ&yﬁﬁa communications

ICations lines and further comprising the steps of: bundling

protocghid communications lines into a cable having a finite number of

conductors; and configuring said first 1/0 interface module with at

least two, data,communications pr ) * i agaI%afﬁtspg@ seLial odule
B¢ en%??ﬂ:% i8%‘s’?%‘%tl£‘é§|‘;‘%§ %c@oﬁ#%%%%%gga%%te rllumber of e
to utilizeagueis o 6. CPHE Pheaise 66 SalrPie! firtHER KOARMRISIIPORTRYARY 2
correspithiiS s datertpraimositeanpannitedisatetedieeasignals to bits in a

packet for serial communication. 17. The method of claim 14, further

comprising configuring said first I/O interface module for interpreting
19.  sigmatsdtod afcdaitrol devitbes saaitistrperigoansceartiiiet 1M g anodule
to utiiZQ TRLUGAHONS PIICCO | BREAREILD 4 LOLE SMHRYSaRIE A8rERidind send

_ pump controller according to a second data communications Protocol and

simulatsdisigngiebRg g ORI eLiiF HERS RENFGHcP SRbING T6 €4id second
data communications protocol and asserting corresponding signals to said
control device according to said first data communications protocol. 18.
The method of claim 14, further comprising configuring said first I/O
interface module to utilize signals from a control device as said other
device to determine a need and a corresponding process by which said
pump controller is to move a motor. 19. The method of claim 14, further
comprising configuring said first 1/O interface module to utilize signals
received from a control device as said other device to generate and send

simulated signals back to said control device to prevent one or more
arrore



