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stage pumps can cause sharp pressure spikes in the liquid. Such pressure spikes

and subsequent drops in pressure may be damaging to the fluid (i.e., may change
the physical characteristics of the fluid unfavorably) and/or adversely affect the
performance of the pumping system. Additionally, pressure spikes can lead to built
up fluid pressure that may cause a dispense pump to dispense more fluid than
intended or dispense the fluid in a manner that has unfavorable dynamics.
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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.
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[0016] FIGURE 1 is a diagrammatic representation of one embodiment of a pumping
system;
[0017] FIGURE 2 is a diagrammatic representation of a multiple stage pump (“multi-stage
pump”) for the pumping system of FIGURE 1;
[0018] FIGURE 3 is a diagrammatic representation of valve and motor timings for a multi-
stage pump;
[0019] FIGURE 4 is a illustration of one embodiment of a pump controller implemented as

a PCB board onboard a pump;
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systems uch a pumping system may employ a multiple stage (“multi-stage”)
pump for feeding and accurately dispensing fiuid onto wafers during a
semiconductor manufacturing process. Particularly, embodiments of the present
invention provide input/output (“I/0”) interface systems, methods, and devices for
interfacing a pump controller with various devices. It should be noted that the
pumping syste;; embodying such a pump controlier 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

configurations. Specifically, embodiments of the invention can be applied to
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R8 100MN [193031 eRbdM Rie73H 1 | RINGHHIESRdSE SPERA/SPHER 324K
REST STURE SRAOFOMEI5KE 0603, TOUMV 1% RK73HII T3243F
KONSPEﬁ'R 324K
0603, 100MW, 1%,
R9 100PPM RK73H1JT3652F | KOA/SPEER 36.5K
RESISTOR, 5.76K,
R15 0603, 100MW, 1% RK73H1JT5761F | KOA/SPEER 5.76K
RESISTOR, 1.10K,
R28 0603, 100MW, 1% RK73H1JT1101F | KOA/SPEER 1.10K
R30-33 R96- | RESISTOR, .2, 2512, SR733ATTER200 2
97 1W, 1% F KOA/SPEER OHMS
RESISTOR, 2K, 0603,
R34 100MW, 1%, 100PPM RK73H1JT2001F | KOA/SPEER 2K
RESISTOR, 2.49K,
0603, 100MW, 1%,
R35 100PPM RK73H1JT2491F | KOA/SPEER 2.49K
RESISTOR, 1 MEG, 1
R43 0603, 100MW, 1% RK73H1JT1004F - | KOA/SPEER ‘MEG
RESISTOR, 100K, 0603,
R62 R71 100MW, 1%, 100PPM RK73H1JT1003F | KOA/SPEER 100K
RESISTOR, 2.21K,
0603, 100MW, 1%,
R68 100PPM RK73H1JT2211F | KOA/SPEER 2.21K
RESISTOR, 15K, 0603,
R69 100MW, 1%, 100PPM RK73H1JT1502F | KOA/SPEER 15K
RESISTOR, 10, 0603,
R90 R99-103 | 100MW, 1%, 100PPM RK73H1JT10ROF | KOA/SPEER 10
RESISTOR, 30.1K,
R91-92 0603, 100MW, 1%, RK73H1JT3012F | KOA/SPEER 30.1K




RESI STOR, 36. 5K, 0603, 100MN 1%
RK73HLJT3652F KOA/ SPEER 36. 5K RESI STOR, 5. 76K, R15

1% RK73H 1 JT5761 F KOA/ SPEER 5. P6K/US2006/045127
RESI STOR, 1. 10K, R28 0603, 2200MN
KOA/ SPEER 1. 10K R30-33 R96- RESI STOR

TERROR - 2 97 1W 1
RESI STOR, 2K, 0603, R34 100MN 1%

wO0@a0B /061330 MV

SR733AT]

L P W

==

% F KOA/ SPEER
100PR,

R9 100PPM

1% RK73H1JT1101F
.2, 2512,
OHMS

M RK73H 1

JT2001 P i) ZKRESIISTOR, Z. 49K, 0603, 100MW
1% R35 100PPM RK73H1JT2491F KONSPEER 2.149K RESI STOR,
1 MEG |ISVFEHIBGE, 100MV |1% RK73HLIT1004F KOA/ SPEER
MEG RHS%SEGRaTAROK, 0603, R62 R71 100MY 1% 100PPM
RK73H 1 JT1003F KOA/ SPEER |100K__RESI STOR, é@KﬁE(g 03,

Ul 100MN [1SYRRBGE MOBNU R731H1I98849Q F koa d =6 K| N/A
RESISTOR 15K 0603, R69100MW 1% 100P 80
RK73H1JIT1502F KOA/ SPEER 18K RESI STOR, 1D, 0603, R90
RO9- 103 100MN 1% 100PPM|RK73HLIJT10ROF KOA/ SPEER 10 | dedres
, RESI STOR, 30. 1K R91-92 (0603, 100MN 19 sC
RK73H1JT3012F KOA/ SPEER 3(0. 1K WD 2007/ 067354 .
PCT/ US20@Boasted.selfo4 100RPM  ADJUSTABLE, SW TCHI NG | tP

U2 ggGJLATQSseﬂtMg SURFACE MOUNTsd 536 76CQ LI NEARFASCH N A | point

SUPPLY SUPERVISOR, | TPS3838K33DBV | Texas

us open-drain T Instruments (T1) 3.3v

3-PHASE BRIDGE-
U4 DRIVER, SOIC, PB free | IR2136SPBF IR N/A
Micro-stepping driver .75

us amps A3967SLB Allegro N/A
ADJ SWITCHING

u7 REGULATOR, 3A PTHO04070WAS Tl N/A
INSTRUMENTATION

U8 U10U19 | AMPLIFIER AD623ARM Analog N/A
DUAL 256-POSITION
SP!, DIG POT, RM-10

U9 PACKAGE AD5162BRM50 Analog N/A
SUPPLY SUPERVISOR, | TPS3838E18DBV
U1 open-drain T Tl 1.8v
U12-13 U16- | 256x16 sRAM, 44pin CY7C1041CV33-
17 TSOP i 12ZC CYCPRESS N/A
SPI SERIAL EEPROM, | AT25128A-10Tl-

u15 128K, LEAD-FREE 2.7 atmel N/A
LDO,LINEAR

u18 REGULATOR, 3.0V TPS79530DCQ Tl N/A
QUAD OP-AMP, rail to

U20 U23 rail, TSSOP AD8609ARU Analog N/A
TRANSISTOR ARRAY, 5

u21 POSTION, SOIC-14 LM3046M National Semi N/A




degres
Al RPAX poi nt

sCtenp swtch,

self trip

U2 resetting 66L0O80O
t  SUPPLY SUPERVI SOR, TPS3838K33DBV Texas
wO2owmerssdrai n T Instrunments (Tl) 3.3v

3- PHASECBRISEN8R/045127

U4 DRI VER, _S(] C, _PB free 1 RB136SPBF IR N A
e M Ccre-steppi ng-driver. 75 U5 anps A3967SLB Allegro N A

ADJ SW TCHI NG U7 REGULATQGR, 3A PTH04070}\ ;
I NSTRUMENTATI ON U8 U10 U19 AMPLI FI ER AD6 SA;FE{I%/}I[I%]%I 0g
U22 UblAs DUBLaRESF, RGRaE ON SPI IRFDBCSAHOB2TRM Rectli®! PACKAGE N/A
AD5162BRMBO -Anal og NAA—S Inl'\ls\l oy |8q‘ A-SOR
TPS3838E18DBV U1l open-dra'[ﬁ %2 il 1. Ev Ul2- 13 UL6-
Uz27 256x16|9BANDSRpi n CY7CL PBA CV33 17 TSOF!II 12ZC N/A
CYCPRESS NLA SPL_SERI-AL—FEPROM—AT25128A= 10T UIS
128K, LEMAPREELNE atmel [N'A LDO, LI NEAR UL8
REGULATGRCGDER, TBSTH530DCQ Tl N'A QUAD OP- AVP, rai |
U28 to U20 %@Q% TSSOP ADB%&%%%W NA N/A
TRANSI §> Y, 5 P21 P I ON, -14 1. M3Q46M
U30_3:§§%34onclp__||§erslpm§w\ VWD 2007/ G6B3EMDMCTAINSA006/ 045127 25
erngtiona U24- 26 | FET, mcr
U45 4|6RF750;A35W[13§% fier TI\/I5320F2812(F)>% W27 16 bit | VA
DSPFATHIXBDAINEMRL 2 - 4|LINE
REGULATOR, 15V,
U35 100MA, SO-8 LM78L15ACM National Semi 15V
SMALL SIGNAL DUAL
U3s-41 U44 | DIODE BAV99 Fairchild N/A
2.5V DC REFERENCE,
u42 S0T23-3 REF3025 Tl N/A
CMOS Switched-Cap
u49 voltage convertor ADM660AR Analog N/A
HC49SPX -
X3 20Mhz Crystal 20Mhz Fox 20Mhz
[0074] FIGURE11isa diagrammatic representation of a first or top side 5950 of a circuit
board implementing one embodiment of I/O interface module 5550. FIGURE 12 is
a diagrammatic representation of a second or bottom side 5955 of the circuit board
of FIGURE 11 implementing one embodiment of /O interface module 5550.
TABLE 2 below provides a sample BOM for one embodiment of /O interface
module 5550:
TABLE 2
Reference Part Description Part No. Manufacturer Value
CAPACITOR, TANT,
10uF, CASE D, 35V, 593D106X9035D2
C1C12 10% w Vishay 10uF
CAPACITOR, Y5V, GRM32DR71E106 ‘
C2-5C8 AuF, 0603, 25V KA12L MuRata AuF




DECODER, TSSOP 1J28 PACKAGE SN74LVC139APW TI

N A

U30-32 U34 H GH SPEED SN65LVDML76D U45- 46 TRANSCEI VER

waKooFloetds4 Fl XED LI NEAR REGULATOR, 15V, U35 100®WS2006/045127
SO-8 LM/8LI 5ACM Nat i onal

« ~U38-41 U44 DI ODE BAV99 Fairchild NNA 2.5V DC

Sedi 15V SMALL SI GNAL DUAL

REFERENCE m@%@%s REF3025—TH—N-ATCVOS
Swi tche'ac-;é‘?a ’Vol't age| convertor ADMB60AR Anal og N |A
Hggggytls.w,mmmﬂmy%ta CAOMEATEKRRPAONhZz  [0074]
s a di agranmat |-c represent at|i f fi
C , . . af a first|47uF
grc op sﬂ-ég‘ 5950 of a circuit board i .}fggnrmmi ng-one !
ceidgodi NMECAPACITORD Y5W, er f aCO6RYANAKESTP6Q. FIGURE 12 is
diagria [ sent aid on of a secag bott om
C%Sg 595%’ Ot%Ré’e}gslr\)recuit %joard of FI rl%n%t OTuF
i mpl eme[|1_t| ng one enbodi ne@MB28-1/ O i nt er$RAEAGRduUl e
- | ow proyi mpl e \B@IM ne
ng’ggdl %@%ﬁFg@ i nt erfaczg@%mnﬁge 5550: T/I(EQ;ILRI’:@?
Re;iae$cscﬂ$rrt’\rr$mmlmcn Part No. Manufacturer Val ue
, 10uF, CA V, 593 502 C1
D12 1005&@?@@ 10uF u\%ﬁ%g{é Y5V, %%g%%gl 106! VA
%6?/ 527%/2&@%@&, 25V|KA12L MuRata .[1 uF WD 27
4 PCT/ U 04 CAP, M 0, 6.3V
D7x5R a7 PE 5P EUD S PO PR Y Ter O el 57 up | "
B’éoéy 2?\?!—‘6§E]};@>\D1¥5,\/1.500603C103K5RA C2830 .01 uF,
1903, 2pX\gdemet - 01 uF | M s OH CAQQ TTLEFUSE 15A
J1 15 pin sub-D, female 172-E15-202-021 | Norcomp 15 pin
1.5 MM 5 PIN
HEADER, SURFACE
J31 MOUNT B5B-ZR-SM3-TF | JST MFG CO 5 PIN
J4 15 pin sub-D, male 172-E15-102-021 | Norcomp 15 pin
SURFACE MOUNT 680
L1 INDUCTOR, D05 DO5022P-684 COIL CRAFT uH
R1 R3-10
R55-60
R73-74
R77 R86 | 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
R54 100MW, 1%, 100PPM | 1F ELECTRONICS 1K




D14- 15 LED, GREEN 21VGC/ TR8 M NATURE SCHOTTKY BARRI ER

D6 DI ODE PRLL5819 PHI LLIPS NN A 27V Zener Diode, 27
wOzZowweizaee nmount SOD87 BzZD27- C27 PHI LLI PS vol PeT/URSRIBE045127

LEADED, 1.5 F1-3 AMPS R251 (1.5 LITTLEFUSE 1.5 A 11

15 pin sub-D, female 172-E15-202-021 Norconp 15 pin

— 1.5 VM @Eglwlgq{ SURFACE J3T IVLUNI B5B- ZR- SM3- TF
JST MFG CO 5 PIN "J4"15 pin sub

172- E15-0698. t30MWNoi %onp 1HRKISH WCE HPANEPERED L1

REBIDUCTAR, ooBpRy DXB022P- 684 1£01 L CRAFT UH EIRCTRONICS | 2.21K
R55-60 | R73-74 R77 R86 RESI STOR_ 10K, 10603,

RK73HLJTOBLOGOKBAERSPEER | RO3- 94 100MN (1% 100PPM 2F

FLECTRONGGRO18KID-RES! STOR|L@e624%00P603, | SRk 1% N/A
RK73H 1l JTID267 KOA, SPEER R11 100PPM 1l E _ELECTRONICS

2.67K |RESI STOR, 100, 0603, RK73H1JTTDIOWAKENALSPEER

R16- 21 1MKSHR ARRIRN] CF ELECTRONI CS S01cHHESUSTER
100K, 0603, 100 1% RK73HLITTDL00 KQA, SPEER R2

UldopPM [3EPBSH (14 opkMIEMs2 RESI[FFOR, 1K, 0603 N/A

RK73HIITTDI00 KOA —SPEER RS54 TOOMN 1% | [hEpRuha F
ELECTRONI CS 1K WO 2007/ 067354 PCT/ US2006/ 045127 27
URBS| STQRDuUgl FET, kicogo03, dBRIG0310, RKk73HRactfigTD221 N/A

ECECTRONITCS 21 21 K

N T

Wﬁﬁ@(ﬁﬁﬁﬁk I-’I-’IVI T
OPTOCOUP VD- 16 1 LQ66- 4X009 VI SHAY N A
REGULATOR 3. 3V
UK] 1A TPS79633DCQ TI N/A
ADJUSTABLE
SWITCHING
REGULATOR,
U3o SURFACE MOUNT LT1076CQ LINEAR TECH N/A
3V MULTICHANNEL
U4 RS232 LINE DRIVER MAX3243CDW Tl N/A
DAUL-SUPPLY BUS SN74LVC1T45DC
us TRANSCEIVER K Tl N/A
8 BIT MICRO
CONTROLLER, TQFP-
ue 80 PIC18F8720-I/PT | MICROCHIP N/A
U8 U31-
32U34 HIGH SPEED SN65LVDM176D
U45-46 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 allow cable
connections/disconnections to be removed or separate from the area where the
pump operates.' FIGURE 13 is a diagrammatic representation of an l/O system



NATI ONAL TRANSI STOR ARRAY, SEM CONDUCTO Ul4 5

POSTI ON, SO C-14 LM3046M R NV A International U25
woueal7/068F4 m cro8 | RF7503 Rectifier NN A LDO, LPNEAR2006/045127

REGULATOR, 3.3V, U3 1A TPS7Z8633DCQ TI N A ADJUSTABLE

SWTCH NG REGULATOR, U30 SURFACE MOUNT LT1076CQ

LI AR, PVaﬁ I/ VitdVded IntddNER 5 1Lkh dRSpR3A rhdrblicabBs ¥BHR for
MAX3243 T DAUL- SUPPLY BUS SN74LVCI1T45DC

TRASEBEINYERE RI Moraprmps 18§ QQPCR@%&WR@JL%QGV'?@%% As

8011154&%&%?2’&@0!?/5% Vb@ﬁi@@b&e?nﬂbleﬁie 51581 @3&4 tﬁaeh&éf tIiEd 5502.
SN65LVDML76D U45- 46 TRANSCE

os%v ewawlntswﬁpm@éammuleé?@%@ews ﬁﬁQZ ﬁ%@&%”%@“%ﬁ 00
M"'ﬁ'om[SQQ%E&lstEI‘TEtéoeﬂ/l/:W3 Nthfs i@fantd%ﬁahtay@ Bécta@)%e@iuﬁtbb@ﬁt@d use harmful

herei n provid advant ages.

by PECE$R mmwés LT g ba ARROaP anﬁ H’Q?W‘H %gafacaﬁfmnecﬂons

d| ﬁé‘érq,y@rémée@m SeGated, prior syst enms, enbodi nents of
[ nvent| on allow c

100761 o LG D GRS BSEBIHS VOGRS 5 BRdHIE ATLERT b Seighigdaith more

f 1 gyantdhe RtLenehieations intérddes BBe6 @dr@ﬁerf&dlm tridré Mad one
di agrammati c reBresent ati on of

2087MBE?RAerTFPRISZO0b g L Fgnal ga@é@)ﬁmﬁ'ﬁ%rﬁumpﬁgcaaﬁe routed
I/ %Hrblmjrﬁé §|ﬁ§i@ nRERAIAE. errﬁsf:éanf@nfén@ﬂ CaR raFay fediblcaslirgb 0D

fo interfacing one or nore 1
wi TR EROdE, S5 Sma2ve 908 onmg ssd@?laa?cgéwwc@l%@#{%e'ﬁce 5604
I/ %rhr\"t&rﬁ‘écﬁr@%{@ﬁﬂ@ﬂé} & Vides Ldesendingt nﬁmﬂleﬁfentbﬁbh es

[0077] dew\e@gr g@@gta@g:&] g@:!qgitilg]elné%%!q%%gn ion lgﬁmalfl %he I?Cg) mJEérface module
can reduce the 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 to 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 functions 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 more powerful, faster processor and perhaps bigger memory. This
configuration allows the distribution of the pump controller’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,
etc.) on a single module than on a plurality of pumps.

[0078] FIGURE 14 is a diagrammatic representation of an I/O system 5502 having a
plurality of /O interface modules 5552a...5552n and a plurality of cables 5502 for
interfacing a plurality of pumps 100a...100n with a plurality of devices 5602. In /O
system 5502, the logic for controlling pumps 100a...100n can be allocated or
distributed 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 logic/functionality for controlling pumps 100a...100n can be
allocated or distributed among the plurality of I/O interface modules 5552a...5552n
and the plurality of pumps 100a...100n. Other implementations are also possible.



fromsone di stance away. This is an advant age because
punps often use harnful process chemcals and it can

woeodaayss ous to plug/ unplug el ectrical connecPCoOmS2006/045127
near where the punp operate®9. [0076] As FI GURE 13
exenplifies, I/Ointerface nodul e 5551 can be

[0079] COA]IEH&]BFI &k ﬁVeEéhtWeﬁtlor{ Mbéé‘ﬁ%e@@ﬁtfbdq@ H&éﬂ iheddin @S reference
i nterfaces for Interfaci moy

puteghe 6'H§traﬂve&f®oémts 'tz?d?ﬁy'dsb@ Wﬁfst%qddﬁaﬁ tg? B%?%‘Pf‘?ﬂ is by
Muhy Bf SaRiFiP8ni¢ 8Rd '&ehcﬁw&@aonsltrbé@ug@nmutuﬁ ELEY rmaw Be
Thi s configuration can reatl reduce Qaqg(gg f?%

i ntugheraiindensiers) éhasefgre. Hig) NHRG fous cBapgesiip e Qs of the

C ?ﬁfﬂb@dgﬁ\%hts%%lé Méﬁt&o@%d%@ﬁonél@mbﬂr@éﬁt@@f @ idenkion will be
ot her devi ces, dependin on
BT o AR B TP B A Re ! BTG oKl e B PV
t hﬂaﬁ‘erbh@e o/ tRsidRt&HptiaR e It fPebHidmplaRE ttﬁe&d\lu eQclt Bfanges and
ut ati onal power andgor dat a Storaﬁﬁpéﬁ ce r U|red

at3 diéonaheimpodimenisiase WA SCRG AN S IﬁE”‘i%“

SOAbdtﬁalﬁ%yntﬁb lsb6ibe @fﬁh&%@ntmrsrhbaﬂ KR Heterammycybybths folloting
cause |/ controller grocessor 5556 to service the

pl GRS g their lsgghprul 100n in an efficient,

consi stent manner. For exanple, while punp 100a i s
idling, 1/Ocontroller 5556 can service punp 100b, and
so on. Oher than 1local control functions such as
notor novenent, the |logic and hence intelligence for
control ling punps 100a...100n can be allocated to I/0O
i nterface nodul e 5551, which has a nore powerful
faster processor and perhaps bigger nmenory. This
configuration allows the distribution of the punp
controller's functionality. Furthernore, this
configuration can greatly reduce cost because it woul d
be nore economcal and efficient to inplenent
expensive parts (e.g., processor, nenory, etc.) on a
single nodule than on a plurality of punps. [0078]
FIGURE 14 is a diagranmatic representation of an I/0O
system 5502 having a plurality of I/Ointerface
nodul es 5552a...5552n and a plurality of cables 5502
for interfacing a plurality of punps 100a...100n with
a plurality of devices 5602. In I/O system 5502, the
logic for controlling punps 100a...100n can be

all ocated or distributed anong the plurality of 1/0

i nterface nodul es 5552a...5552n. This can be done

W thout regard to the processing power of punp

| 00a...100n. Alternatively, the logic/functionality
for controlling punps 100a...100n can be allocated or
di stributed anong the plurality of I/O interface
nodul es 5552a...5552n and the plurality of punps
100a...100n. O her inplenentations are al so possible.
WD 2007/ 067354 PCT/ US2006/ 045127 29 [0079] Al t hough
the present invention has been described in detai
herein with reference to the illustrative

enbodi nents, it should be understood that the
description is by way of exanple only and is not to
be construed in a limting sense. It is to be



further understood, therefore, that nunmerous changes

in the details of the enbodinents of this invention
wana7addisti onal enbodi ments of this invention RCTIUSE®6/045127

apparent to, and may be nmad® by, persons of ordinary

skill in the art having reference to this

WHAﬂgS@_A"gEDqg It is contenplated that all such changes
addi ti onal enbodi ments are within the scope and

1. s’b”l”PF B INPFCei ARPRIA o FOTPASr di ngl y, the scope of

t@srobéae@ﬂkéswhgs&oalcmcmﬁodéed erm ned by the foll ow ng
clains and thel aI equj val ents. WD 2007/ 06735

r le
PESTUBSB06AEEY rpd toSale KPERSEPT A1d GarTyRg software
mstrudna@yé%eautablemyaa’af@p@cmaraahtius conprising: a

residin t N
PHIRIRG dRE PamLDanes Blreingngne adBs Bmcarapgeatipns
interfa® tduidcEto shliSirbteEsbOids cexMUHicatiewiltya paing cpnm@s siarg first cable
mruni cat.i ons i nterfa

d at .
IHEECH N SN R N4 —

with a COntRll @evit®viaal sbeph@egisisor for comunicating with a
punp controller via a first cable and a second data
conmuni cations interface coupled to said processor for

2. C D\ﬁbﬁl TPtk iﬁt}@fac@'iabbz/a@tmtcraﬁm f1d®hérfé€n sdidfiat Sﬁfe @bfbmunications
, cable. 2. e | nput/out. inter r at us, aj m
intertage a0 &0 SROB 4P PO BP LRGPP B R TIPSR iRttt Rl
commanitat®as fraesid data conmuni cations interface

i mpl ement different data conmunications protocols. 3.
The i nput/out interface apparatus of claim2, wherein

3. S'theilnlfadjtfjtﬁk |ﬁﬂ@f&e@bﬁﬁﬂdﬁms€cﬁltciaﬁm9 ¥vh6ﬁeﬁf éaﬁ@&rstdatprdogmnications
eria ata.trans si.on or tr tin at a
intertad caBpipas el EumpronTieron lseian tansmihe epye Scirie
controflé}f sér%ﬂ: eatwré@l\tbﬂtrﬁsffdsrﬁm:éﬁh@l datarfpnt sdid boinbejbntr@lle@ odock lines
; orc s\’/{@(q%qq |za£)|3nccr)1ﬁ E’r lines.
or Cargsr'%.%vng ré’lﬂlzé ger sy P gPEUdRES 18 é’?""e 9 °PH€ n
| nput/out i nt erface appar at us of claim3, wherein said
rst cable bundles s erial ,data transm ssion .
4| TSl Qe apoantls of sBh b whPRutsa 4 B e biftes said
serial hat@ Q%nsrﬁasldn $hes/ eald@éﬁbﬂ datd rateive lined sail dogkanes,/ sgidslave
ut / interface apparatus of claim

enab|e4|||ne\%%|}cg§aﬁd Q%W%fléjr ”Leﬁbl e has 15 or fewer

conductors. 6. The input/out |nterface appar at us of

clLaim 4, rinsaldflrs
5. o Boltipu TRt pbPaiatcs iR, WReh S0 FIRABeRT gk 15 orfewer
condustepar at us of claim 2, wher ein said first data

communi cations interface conprises discrete

conmuni cations lines for transferring data to and from
6. S'alhéiinp@uétrm interfdceclpbaratdnsf cidirarde ivhe e said fisst catile is extendable in

g@unl C%I ons line carries a discrete signal
exces%g E5edPe6™ni th a function of said punp controller.

7. The input/out interface apparatus of claim 2, wherein said first data communications
interface comprises discrete communications lines for transferring data to and from said
pump controller and wherein each discrete communications line carries a discrete sighal
associated with a function of said pump controller.

8. The input/out interface apparatus of claim 2, wherein said second data

communications interface comprises discrete communications lines for transferring data to



8. The input/out interface apparatus of claim 2,
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13.
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14. The 1/0 system of claim 12, wherein said first /O interface apparatus comprises two

or more second data communications interfaces coupled to said processor for
communicating with said at least one control device.

15. The 1/O system of claim 12, wherein said software instructions are translatable to

map discrete line signals to bits in a packet for serial communication.



I/Ointerface nodul e conprises a processor, a conputer
readabl e nedi um coupled to said processor and
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to said control device according to said first data communications protocol.

19. The method of claim 186, further comprising configuring said first I/O interface module
to utilize signals from said control device to determine a need and a corresponding process
by which said pump controller is to move a motor.

20.  The method of claim 16, further comprising configuring said first I/O interface module
to utilize signals received from said control device to generate and send simulated signals
back to said control device to prevent one or more errors.



