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SYSTEMS AND METHODS FOR DELIVERING LIOUID TO AN ION
| SOURCE |

RELATED APPLICATION
[0001] This apphcatlon claims prlorlty to U.S. provmonal apphcatlon no. 61/931,281, filed

on January 24, 2014, which is incorporated herein by reference in its entlrety.

FIELD

[0002] - - The invention generally relates to mass spectrometry, and more particularly and

' without limitation, to methods and apparatus for deliveting a liquid sample to an ion source.

INTRODUCTION

[0003] Mass spectrometry (MS) is an analytical technique for determmmg the elemental
composition of test substances w1_th both qualitative and quantitative apphcatlons. MS can be
useful for identifying unknown compounds, determining the isotopic composition of elements in
a molecule, dete_rr_nining the structure of a particular compound by observing its fragmentation,

and quantifying the amount of a particular compound in a sample.

[0004]  Due tothe aCcﬁracy and sensiti{/:ity requirements for'most MS applications, liquid
samples are generally delivered to an ion source using highly accurate and precise (and thus
expensive) pumps that generate a stablé ion 31gnal in a downstream mass analyzer. Further, in
various applications, a plurahty of such pumps are requlred For example, as shown in the
exemplary prior art system dep1cted in FIG. 1, liquid chromatography (LC) sample preparations
often utilize sepafate pumps 130a,b for each of two different solvents 150a,b (i.e., solvents A and
B) applied to the LC column 110. By way.of example, the flow rate of each of the tv:vo‘pumps
130a,b can be programmed to change over the course of a sample run such that two solvents can
be mixed (¢.g., by mixer 104) to generate a mobile phase exhibiting a selected proportion of the

solvents. Because chemical entities in the sample. can be differentially affected by the

CONFIRMATION COPY
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composition of the mobilé phase passing through the L.C ctﬂu&hn 110, the user can generate

chromatographic separation of the different chemical constituents based on the elution gradient.

[0005] Moreover, mass spectrometry systems also generally require frequent calibrations to
ensure proper and/or optimal functioning. For example, one common calibration technique
operates the mass spectrorneter system at a “steady state” level such that the detected signal of a
cahbrant or compound of interest remains relatively constant. The mass spectrometer system can
then be tuned by making adjustments to the various control parameters while monitoring the
changes to the ion signatl. Upon generation of a maximum siénal, these ideal control parameter
settings can then be “locked-in” for routine sample analysis of that compound.. Similar processes

are also used for verification and/or determination of mass assignment, for example, by

~ interpolating the mass of an “unknown” compound based on the steady state signal of one or

more compounds having a known molecular weight (e.g., calibrant). Precise delivery of the

calibrant to the ion source is thus required to ensure the steady state operation.

- [0006] Known strategies for delivering E‘calibrant however, can suffer from various

disadvantages. For example, with reference to FIG. 1, direct infusion cahbratlon techniques
drsconnect the sample source (e g taking LC column 110 offline by closmg valve 102) and
the ion source 140. However in thlS conﬁguratron the ion source 140 is not operated under
normal operating conditions (e.g., at the relatively hlgh flow rates generated by the LC pump(s)
130a,b for driving a mobile phase through the L.C column 1 10) If instead the LC pu:mp(s)
130a,b are used to del1ver the calibrant at a high flow rate, the LC pump(s) 130a, b can be

contammated and/or can result an unacceptable background signal.

[0007]  Alternatively, in split “T” infusion techniques (e.g., valve 102-is open), a low flow
calibrant pump 130c is operated to inject the calibrant into the high flow from the LC pu‘rnp(s) at

normal, hrgh ﬂow settings. However, because the calibrant pump must work against the back

.~ pressure caused by the higher flow rate from the LC pumps 130a,b, an oscillating “steady state”

signal can result. Another drawback of this technique lies in the decreased level of signal

intensity as the calibrant is diluted by the LC flow.
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[0008] Accordingly, there remains a' heed for improved ahd/_'or reduced-cost systems,

methods, and devices for delivering a liquid sample émd/or calibrant to an ion source of a mass

spectrometer system.

SUMMARY

[0009] - The present teachmgs generally relate to methods and systems for dehvermg a ﬂuld

to an ion source for the generation of ions and for their subsequent analysis by mass
spectrometry. In accordance with various aspects of the applicant’ s’teach'mgs methods and
systems are descnbed herem that provide a steady state flow of a calibration ﬂu1d for example,
utlhzmg the flow prov1ded by the LC pump(s) to drive the cahbratlon ﬂUId from a reserv01r of
the callbratlon ﬂu1d (e g, without a separate cahbrant pump) In some aspects, for example the
methods and systems disclosed herein utilize a reservoir that can be placed in series with (or
replace) an LC column to enable the delivery of the calibration ﬂu1d to the jon source operating

under normal high-flow rate conditions.  In various aspects, the fluid contained within the

_ reservoir can be discharged therefrom at substantially the same volumetric flow rate of the fluid

received at the inlet-end of the reservoir, though the cornposit-ion of the fluid exiting the reservoir
may be different from that received thereby. In various aspects, apparatus in accordance with the
present teachings can additionally or alternatively be placed upstream of an LC column to

provide an elutlon gradient of a plurality of solvents thereto without requmng the use of a

'plurahty of LC pumps, for example

[0010] . In accordance with various aspects, certam embodimernits of the apphcant s teachlngs

' relate to a system for‘dehvermg fluid to a mass spectrometry system that includes a pump and a

reservoir comprising an inlet port configured to receive a first fluid driven by said pump and an

‘oiitlet 'port cohﬁgured to expe.[ an output fluid of different composition than said first fluid,

wherein the outlet port is configured to ﬂuidl'ygcouple to an ion source ofa mass spectrometry
system. o . . o
[0011]  In various aspects, the system defines a fluid flow pathway extending between the
pump, an LC column, and the ion source, the reservoir being configured to removably couple to
the fluid flow pathway. In some embodimierits, the volumetric flow rate of the first fluid into the

reservoir is substantially equal to the volumetric flow rate of the output fluid from the outlet port.
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[0012] In some embodiments, the system can include a liquid chromatography (L.C) column .
fluidly coupled to the pump and disposed between the pump and the reservoir. For example, the
first fluid can be an cluent from the LC column and the output fluid can be a calibration fluid. In

related aspects, the volumetric flow rate of the eluent into the inlet port can be substantrally equal

1o the volumetric flow rate of the calibration fluid from the outlet port.

[OOl 3] In some embodlments the reservoir can be dlSpOSCd between the pump and the L.C

column. I such embodiments, for example, the first fluid canbea ﬁrst LC solvent and the

' output fluid can be a second LC solvent. In some aspects, the reservoir is configured to contairi a
: ‘.second fluid having a different cemposition than the first fluid and the output fluid, wherein the
 first fluid comprises a first LC solvent and the second fluid comprises a second LC solvent, and

* wherein the output fluid comprises a mixture of the first and second LC solvents. In related

aspects, the relative amount of the first LC solvent in the output fluid can increase over time. For
example, the output fluid can be configured to provide a gradient elutien of the LC column.
[0014] ~ Insome aspects, the reservoir can be configured to contain a second fluid having a -
different compdsition than the first fluid and the output fluid, the first and second fluids being

mixed within the reservoir so as to generate the output fluid.

[001 5] - - In various aspects the reservoir can include a liquid impermeable partition dispesed

the axis of the reservoir. A pressure exerted on an upstream surfac_e of the partition by _the first

-~ fluid, for example, can be effective to move the partition axially within the reservoir. In some

aspects the partition can comprrse an expandable bladder. By way of example a pressure

exerted on the bladder by the first fluid can be effective to expand the bladder.

[001 6]  Insome aspects, thez system can 1nclude a-fluid flow pathvs{ay extendmg..betwee‘ri the
pump, the LC column, and the ion source, the reservoir being diSposed: in the fluid flow pathway.
In rélated aspects, for example, the systerri can also include a second reservoir disposed
dow_n_s_tream of the first reservoir in the fluid flow pathway, wherein an inlet port of the second
reservoir is configured to receive the output ﬂurd of the first reservoir. In other aspects, the
system can further include a bypass conduit extending from a first end coupled to the fluid flow

pathway upstream from Etlle Teservoir to a second end coupled fo the fluid flow pathway
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downstream from the reservoir. In some aspects, at least one valve can be disposed in the fluid

flow pathway to control fluid flow into at least one of the bypass conduit and the reservoir.

[0017] In accordance with various aspects, certain embodiments of the applicant’s teachings

relate to method for delivering fluid to a mass spectrometry system, the method including

‘ operatmg a pump to introduce a first fluid into an inlet port of a reservoir contammo a seconcl

fluid differént than said first fluid, dlschargmg an output fluid from an outlet port of the

* ‘reservoir, wherein said output fluid is of a different composition from said first fluid, and

delivering a sample fluid to be ionized to an ion source of a mass spectrometer. In some aspects,
for example, operation of said pump is effective to introduce the first fluid into the inlet port of
the reservoir, discharge the output fluid from the outlet port of the reservoir, and deliver the

sample fluid to the ion source.

[0018]  In various aspects, the pump, an LC column, the reservoir, and the ion seurce can be
fluidly coupled via a fluid flow pathway. In some aspects, the method can include bypassing the
reservoir. For example; the first fluid flow can be diverted from the reservoir (e.g;, by actuating

a valve disposed upstream from the reservoir). In related aspects, the method can also include

) decoupllng the bypassed reservoir from a condult defining the fluid flow pathway and/or reﬁllmg

the bypassed reservoir.

[0019]  In some embodiments, the method can comprise operating the pump to introduce a

solvent into a liquid chromatography (LC) column. In some aspects, the LC column can be

‘ disposed between the pump and the reservmr In rclated aspects, the second fluid, said output

fluid, and sa1d sample fluid comprise a cal1brat10n fluid. For example the first fluid can

compr1se an eluent from the LC column. In some aspects the volumetric flow rate of the first

' fluid into the inlet port can be substant1ally equal to the volumetric flow rate of the calibration

fluid from the outlet port.

[0020]  In some embodiments, the teservoir can be disposed between the pump and the LC

column For example, the first fluid can compnse a first LC solvent and the second fluid can

* comprise a second LC solvent, wherem the solvent mtroduced into the LC column comprises the

_ output fluid d1scharged from the reservoir. In some aspects, the output fluid d1scharged from the

reservoir consists of the second LC solvent: during a first time duration. In some related aspects,

the output fluid discharged from the reservoir comprises a mixture of the first and second L.C
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solvents during a second time duration after the first time duration. For example, the relative

amount of the first LC solvent in the output fluid can increase during the second time duration.

[0021]  In accordance with various aspects, certain embodiments of the applicant’s teachings
relate to a mass spectrometer s_ys‘terﬁ that includes a pump, a liquid chromatography (LC) column
fluidly coupled to the pump, and a reservoir comprising an inlet port configured to receive a first
fluid driven by said pump and an outlet port configured to expel an output fluid of different
composition than said first fluid. The exemplary system also includes an ion source fluidly

coupled to the outlet port and a mass analyzer for analyzing ions generated by the ion source.

[0022] " These and other features of the applicant’s teachings are set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The skilled person in the art will understand that the drawings, described below, are
for illustration purposes only. The drawings are not intended to limit the scope of the applicant’s

teachings in any way.

- [0024]  FIG. 1, in a schematic diagram, illustrates a known LC/MS system having multiple

HPLC pumps and a separate calibration pump disposed downstream from the LC column.

[0025] FIG. 2, in.a schematic diagram, illustrates an exémplary mass spectrometry system,
the system having an exemplary reservoir containing a calibrant in accordance with various -

aspects of the applicant’s teaching.

[0026] = FIG. 3, in a schematic diagram, illustrates another exemplary mass spectrometry
system, the system having an exemplary reservoir in accordance with various aspects of the

applicant’s teachings for generating the mobile phase to be run through an L.C column.

[0027] FIG. 4, ina schematic diagram, illustrates in detail an exemplary reservoir in
accordance with various aspects of the applicant’s teaching.

[0028] FIG. 5 depicts an exemplary calibrant ion chromatogram demonstrating the stability

of an ion signal generated by an exemplary mass spectrometer system in accordance with various

aspccts of the applicant5s teachings.
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[0029]  FIG. 6, in a schematic diagram, illustrates in detail another exemplary reservoir in

accordance with various aspects of the applicant’s teachings.

. [0030] FIG. 7, depicts an ion chromatogram demonstrating the mixing of two liquids within

an exemplary reservoir in accordarice with various aspects of the applicarnit’s teachings.

[0031) FIG. 8A, in a schematic diagram, illustrates an exempiary fluid flow pathway
containing a reservoir in accordance with various aspects of the applicant’s teachings and a-

scheniatic ion chromatogram demonstrating the mixing of two liquids within the reservoir.

[0032] FIG. 8B, in a schematic diagram, illustrates an exemplary fluid flow pathway
contaimng a reservoir in accordance with various aspects of the applicant’s teachlngs having a
refill capability and another schematic ion chromatogram demonstrating a stepwise elution

gradient.

[0033] FIG.9,ina schematie‘ idiagram, illustrates another exemplary reservoir in accordance

with various aspects of the applicant’s teachings.

DETAILED DESCRIPTION

[0034] It will be appreciated that for clarity, the fdllowing discussieii :will explicate various
wherever conyement or approp_rlate to do so. For example, discussmn of like or analogous--
features in alternative embodiments may be somewhat abbreviated. Well-k_nqwn ideas or
concepts may also for brevity not be discussed in any great detail. The skilled person will -
recognize that some embodiments ef the applicant’s teachings meiy not require certain of the
specifically déscribed details in every implementation which are set forth herein only to prov1de
a thorough understanding of the embodiments. Similarly it will be apparent that the described
embodiments may be susceptible to alteration or variation according to common general
knowledge without departing from the scope of the dlsclosure The followmg detailed
description of embodiments is not to be regarded as limiting the scope of the apphcant s
teachings in any manner. As used herein, the terms “about” and “substantially equal” refer to
variations in a numerical quantity that can occur, for example, through measuring or handling

procedures in the real world; through inadvertent error in these procedures; through differences
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in the manufacture, source, or purity of compositions or reagents; and the like. Typically, the
terms “about” and “substantially equal” as used herein means greater or lesser than the value or
ran'ge' of values stated by 1/10 of the stated Values e.g., d:lO% For instance, a concentration

33%. The terms also refer to variations that would be recogmzed by one skilled in the art as

"being equlvalent SO long as such varla’uons do not ‘encompass known values practiced by the

prior art,

[0(:)3.5’] - In accordance with v-a_rious aspects of the :a_pplicant’s teachings, the methods and
systems described herein can reduce the number of pumps for transporting fluids of different
compositions (e.g:, sample and calibrant, solvents mixed for the mobile phase of
chro_rn_atographic separation) upstream of an ion source in a system for mass spectrometry. In
some aspects, a steady state flow of a calibration fluid can be provided by utilizing the flow
provided by an LC pump(s) to drive the calibration fluid (e. g without 'abiseparate calibrant

teachmgs ut1l1ze areservoirof'a cahbratlon fluid that can be placed downstream from an LC

pump (e g., in series With an 1.C column or temporarily replacing the LC column) to enable the

delivery of the calibration fluid to the ion source operating under normal high-flow conditions.

In various aspects, the fluid contained within the reservoir can be dxscharged therefrom at
substantially the same volumetric flow rate of the fluid rec'elued by the rese‘rvblr,ﬁ though the
composition of the fluid discharged by the reservoir r'nay be different from that received thereby.
In various aspects, apparatus in a_ccordancé with the present teachings can additionally or

alternatively l)e placed upstreamo'f an LC column for providing an elution gradient of a plurality

_ of solvents, without requiring a plurality of pumps and/or separate mixing elements.

[0036] FIG 2 schematically depicts an exemplary embodiment of a mass spectrometer
sjfst'em 200 in accordance with various a’sp'ects of the applicant's teachings. As shown in FIG. 2,
the exemplary mass spectrometer system 200 generally includes a reservoir 220 contammg a
ﬂUId to be ionized (e.g., a calibration ﬂu1d) a pump 230, an 1on source 240, and a mass analyzer
260 for the downstream processing of sample ions. As will be discussed in more detail below,
the pump 230E generally provides a flow of a dfluing fluid (e.g., frorn fluid source 250) that ls
de’liz\./:er’ed to the reservoir 220 through one or more conduits 2:32' (e.g:; channéls, tubing, pipes,

capillary tubes, etc.). In accordance with various aspects of the present teachings, the fluid
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reservoir 220 can receive the driving fluid at its inlet end (e.g., inlet port 220a) and discharge

from its outlet end (e.g., outlét port 220b) fluid contained within the reservoir 220 for delivery to
th¢ jon soﬁrce 240, whiph discharges the fluid into the ionization chéﬁlber 212. As will be
discussed in detail below, in various .aspécts of the present teachings, the ﬂuid diséhargcd by the
ﬂuid_reservoir’ 220 can have substéntially'the same voiumetric flow rate as the driving fluid
received by the fluid reservoir 220, though the composition of the fluid initially contained within
the reservoir 220 and/or discharged therefrom can have a different compdsition than the dfiiling

fluid.

[0037]  Inthe depicted embodiment, the ionization chamber 212 cafi be maintained at an
atmospheric pressure, though in some embodiments, the ionization chamber 212 can be
evacuated to a pressure lower than atmospheric préssure. The ionization chamber 212, within
which analytes in the liquid sample are ionized, is separated from a gas curtain chamber 214 by a
plate 214a having a curtain plate aperture 214b. As'shown, a vacuum chamber 216, which
houses the mass analyzer 260, is separatg:d_ from the“curtain chamber 214 by a plate 216a having
a vacuum chamber sampling orifice 216b. The curtain chamber 214 and vacuum chamber 216
can be maintained at selected pressures, for example, by introducing curtain gas through port 218

and/or by evacuation through one or more vacuum pump ports 219,

[0038] | The ion source 240 can also have a variety of configurations but is generally
édnﬁgUred to generate ions from a liquid sample. By way of éxampl_je, the ion source 240 can
generate sample ions from at least one of a fluid containing a transient sample injected into the
fluid by a sample injector 233, a fluid containing an analyte(s) of interest stored within the fluid
source 250, and/or the fluid discharged from reservo.ir 220. In the exemplary embodiment
depiét‘ed in FIG. 2, an outlet conduit 242 (e.g., a sample prozbE), which can comprise a capillary,
for example; terminates in an outlet end that at least partially extends into the ionization chamber
212 and discharges 4 fluid therein. As will be appreciated by a person skilled ih the art in light
of the present teachings, the outlet end of the outlet conduit 242 can atomize, aerosolize,
nebulize, or otherwise discharge (e.g., spray with a nozzle) the liquid sample into the ionization
chamber 212 to form é:sample plume comprised a plurality of micro-droplets generally directed
toward (e.g’;, adjacent to) the curtain plate aperture 214b and vacuum chamber sampling orifice
2165. As is known in the art, analyte molecules contained within the micro-droplets can be

ionized (i.¢., charged) by the ion source 240, for example, as the sample plume is generated. By
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way of non-limiting exatple, the outlet end _df the outlet conduit 242 can be r_nade ofa

conductive material and electrically coupled to a pole of a voltage source (not shown). Micro-
droplets contained within the sample plume can thué be charged by thé voltage applied to the
outlet end such that as the liquid (¢.g., solvent) within the droplets evaporate durmg desolvation
in the jonization chamber 12, bare charged analyte ions are released and drawn toward and

through the apertures 214b, 216b and focused (e.g.; via one or more ion lens) into the mass

analyzer 260. It should be appremated that any number of different ionization techniques known

in the art can be utilized as the ion source 240 in accord with the present teachings. By way of
non-limiting example, the ion source 240 can be an electrospray ionization device, a nebulizer
assisted electrospray device, a chemical ionization device, anebulizer assisted atomization
device, an inductively coupled plasma (ICP) ion source, a matrix-assisted laser
desorption/ionization (MALDI) ion device; a glow discharge ion devicé, an electron impact ion
device, a chemical ioﬁiiation_device, a thermospray ionization device, a sonic Spray ionization

device, or a photo‘ioniz_ation device, amqng_othefs.

[0039] As shown in 1 FIG. 2, the cxemplary mass spectrometer system 200 optlonally includes

| 11qu1d (e.g., solvent) within the sample plume By way of example the heater(s) 252 can provide

a flow of heated gas to the ionization chamber 212 (e.g.; heated by heatlng elements 254). In

some aspects, the heater(s) 252 can be effective to raise the temperature of the jonization

chamber to a temperature in a range of from about 100 °C to about 800 °C. The heater(s) 252
aﬁd.the ion source 240 can have a variety of configurations, but are generally positioned relative
to one another and to the apér'tur_és 214b, 216b such that the heated gas flow directs the sample
plume to the proximity of the apertuies_214b, 216b. In some embodiments, the ion source 240
and the heater(s) 252 can be po_sitiohed relative to one'another such that the heétéd gas stream
intersects the sample ,pluihc generatéd by the ion source 240 at a region within the ionization

éhamber 212 between fhe outlét end of the outlet cOn:duit 242 and the aperture 214a.

[0040] It will be appreciated by a person skilled in the art that the mass spectrometer system
200 can optionally inclﬁde a source of pressurized gas (e:. g. nitrogen, air, or no‘ble gas) that
supplies a high velocity nebulizing gas flow which surrounds the outlef end of the outlet conduit
242 and interacts with the fluid discharged therefrom to enhémce the fomation of the sample

plume, e.g., via the interaction of the high speed 'nébulizing flow and jét of liquid sample. The
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nebulizer gas can be supplied at a variety of flow rates, for example, in a range from about
0.1 L/min to about 20 L/min. ' '
[0041] It will also b‘e appreciated by a person skilled in the art and in light of the teachings

herein that the riiass analyzer 260 can have a variety of configurations. Generally, the mass -

' analyzer 260 is conﬁgured to process (e.g., filter, sort, dissociate, detect, etc,) sample ions

generated by the ion source 240. By way of non-limiting example the mass analyzer 260 can be
a triple quadrupole mass spectrometer, or any other mass analyzer known in the art and modified
in accordance‘with the teachings herein."Additionally, the mass spectror_netry system 200 can

comprise a detector that can detect the ions which pnés through the analyzer 260 and can, for

3 exarnple, supply a signal indicative of the number of ions per:second which are detected.

[0042] As noted above, thé exemplary mass spectrometer ;sysfem 200 also includes a -
pump(s) 230 for delivering a driving fluid from a fluid source ':250 to the reservoir 220 through
one or more conduits 232. That is, the pump 230 can be fluidly connected directly ot indirectly
(e.g. through one or more elements disposed in the fluid pathwéy) to the inlet port 220a of the
reservoir 220 to generate an input flow into the réservoir 220. In some aspects, for example, the
s:yste.m 200 can utilize multiple pumps 230 siich as those utilized in a HPLC system, whose
outputs are merged into the inlet port 220a of the reservoir 220. Moreover, as otherwise
discussed herein, the flow generated by the_purnp(é) 230 can be effective to discharge fluid
contained within 'dre reservoir 220, for example, at substantially the same volumetric flow rate as

the flow enterrng inlet port 220a of the reservoir. It should be apprecrated in light of the present

: drsclosure that pumps for use in the methods and systems described herein can'have a variety of

configurations and can generally comprise any pump mechanism known in the art and modified
in accord with the pre'sent teachings tbat is conﬁgured to traneport tluid through the conduits 232
and deliver ﬂuid to the reservoir 220 and the ion sburce 240. By way of non-limiting exariple,
syrmge pumps, LC pumps, positive drsplacement pumps such as rotary, gear, plunger, prston
peristaltic, diaphragm pump, and other pumps such as gravity, impulse and centrifugal pumps
can be used to pump the driving liquid directly or indirectly into the reservoir 220. Pump
mechanisms for use in the systems and methods described herein can be (-:onﬁgured to generate
volumetrrc flow rates between about lO pL per minute to about 20 mL per minute, by way of

non-limiting examples.
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[0043]  As will be.appreciated by a person skilled in the art in light of the present teachings,
the pump 230 can be fluidly coupled to and receive a driving fluid from a variety of fluid sources
250. As shown in FIG. 2, for example, the source 250 of the driving fluid can comprise a vessel
containing the driving fluid from which the pump 230 can draw or expel the driving fluid into.
the conduit 232. In some aspects, the driving fluid can comprise a liquid sample that is to be

analyzed by the mass spectrometer system 200 (e.g., a reservoir of the sample to be analyzed or a

Teservoir of a blank liquid carrier and an input port through which the sample can be injected; for

example, via a sample injector 233 such as an auto-sampler). Alternatively, the source 250 and
pump 230 of the driving fluid can comprise a pump system and its mobile phase container(s)
used in the 11qu1d chromatography (LC) separation of sample components. By way of example,

the pump 230 ¢an be one or more HPLC pumps used to operate an LC column (not shown in

F IG 2) disposed between the pump 230 and the reservoir 220 such that the driving fluid for the

pump can be the ﬂuld output from the LC column In some aspects, for example, the LC column
can be temporanly replaced by the reservoir 220. In some aspects, the dr1v1ng fluid can be a
blank solution that enables the pump 230 to be run under the normal operating conditions used to
deliver a liguid sample to the ion source 240 for ionization and mass spectrometric analysis. In
some aspects the reservoir 220 can be removed from or by-passed by the conduit 232, for

example, when LC separation is taklng place, as otherwise discussed herein.

[0044] . In accordance with various aspects of the present teachings, the fluid reservoir 220

 can receive the driving fluid flow at its inlet port 220a so as to discharge from its outlet port 220b

fluid contained within the reservoir 220 for delivery (directly or indirectly) to the ion source 240.

For example, as shown in FIG. 2, the outlet end 220b of the reservoir 220 can be directly coupled

_into the outlet conduit 242 of the ion source 220. The reservoir 220 can have a varlety of

configurations, but can be configured such that the volumetric flow rate of the fluid dlscharged
by the fluid rcserv01r_220: can be substantially equal to the volumetrlc flow rate of the driving

ﬂuid réc'e'iVed'b'y the fluid reserv‘oir 220, as will be described in detail bel_ow. Moreover, in .

- exemplary aspects, the fluid resetvoir 220 can cortain and/or be filled with a different fluid than

the fluid delivered thereto by the pump 230 such that the input fluid and output fluid of the
reservoir 220 can differ in composition. By way of example, as shown in FIG. 2, the reservoir
220 ¢an contain a cdlibration fluid that can be used to calibrate the mass spectrometer and/or

verify its operation, whi_le the fluid source 250 can provide a drivi.ng fluid to the inl_et port 220a
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comprising a different fluid (e.g., a sample fluid or blank solution). Accordingly, though the
volumetric flow rates of driving fluid into the inlet port 220a and fluid out of the outlet port 220b
can :be substantiallyequal, the composition between the fluids can vary. By way of exam}ﬁle; in
some aspects; the driving fluid can_be segregated within the reservoir 220 from the fluid initially

contained' therein such that the outlet fluid wholly consists of the fluid initially contarned within

 the reservoir 220. For example, in an embodiment in which the fluid 1n1t1ally contained within

the reservoir comprises a calibration fluid, operation of the system to generate a flow of a driving

- fluid into the inlet port 220a of the reservoir 220 can be effective to drive the calibration fluid out -

of the reservoir 220 (and into the ion source 240, for example, to enable calibration of the mass
spectrometer system 200). Alternatively, in some aspects, the driving fluid and the fluid initially -
contained w1thm the reservoir 220 can be mixed therein such that the outlet fluid comprises a

mixture of the driving fluid and the fluid initially contained within the reservoir 220.

[0045] Tfrough the fluid discharged from the outlet end 220b of the reservoir 220 is shown as

apprec1ated that the fluid dlscharged from the reservoir can be 1nd1rectly delivered to an ion

‘'source through one or more additional conduits or sample processing elements (e g-, an LC

column) For example w1th reference now to FIG. 3, another exemplary mass spectrometer

-system 300 in accordance with the present teachings is depicted. The system 300 is similar to

that depicted in FIG. 2, but differs in that the fluid flow pathway between the pump 330 and the
ion source 340 additionally includes an LC column 310 disposed between the reservoir 320 and
the ion source 340. That is, the reservoir 320, which reccives at its inlet port 320a a driving fluid
via conduit 332a, discharges from its outlet port 320b into conduit 332b fluid to be run through
the LC column 310 prior to being delivered to the ion source 340. Though the pump 350 can
comprise any pumping mechanism known in the art and modified in accordance with the present
teachings as discussed above, in one exemplary embodiment, the pump 350 is a pumping
mechanism configured to drive a miobile phase through the LC column 310 (via the reservoir
320) to effect 'chrorn_atog_raphic separation in the LC column 310. By way of example, the pump
350 can be any pump configured for low-pressure LC or relatively high-pressure HPLC and
modified in accordance with the present teachings. Optionall-y_, in some aspects, a sample

injector 333 (e.g., an auto-sampler) can also be disposed upstream of the LC column 310 such
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that small volumes of a liquid sample can be injected into the fluid introduced into the LC

column 3 10 at specified times durlng an extended sample run, for example.

[0046] As above, the reservoir 320 can contain and/or be filled with a different fluid than the
fluid delivered thereto by the pump 330 such that the input fluid and output fluid of the res'e‘err
320 differ in composmon By way of example, as shown i in FIG. 3, the reservoir 320 can contain
a solvent used in LC separation, while the fluid source 350 can provide a driving fluid to the inlet
port 320a cdmprising a different fluid (e.g., a blank solution or a éécon’d solvent also used to
éffe'(‘:t chromatographic séparatiqn)‘ Accor.dingly-, though the volumetric flow rates of the driving
fluid into the inlet port 320a and the fluid discharged from the outlet port 320b can be
substantially equal the composition between the fluids can differ, By way of example, in some
aspects, the dnvmg fluid can be segregated within the reservoir 320 from: the fluid 1n1t1ally :
contained therein such that the outlet ﬂuld; wholly consists of the LC solvent m1t1ally contained
within the reservoir 320. Alternatively, as will be discussed in detail Beldw, in some aspects the
driving fluid and the fluid initially containéd within the feserVoir 220 can bg mixed theréin such

that the outlet fluid comprises a mixture of the driving fluid and the fluid initially contained

within the reservoir 320. For example, in an embodiment in which the reservoir 320 initially

contains a solvent A that can be driven therefrom by input of solvent A into the 1nlet end 320a,

the output fluid can comprise a mix of solvents A and B. Moreover, the proportions of solvent A

“to solvent B can vary over time as the driving fluid is continually introduced into the reservoir

320 such that the output fluid cofﬁprises_ a time-dependent concentration gradient. For example,
the fluid initially discharged from the reservoir 320 may wholly consist of solvent A, but as
solvent B is introduced into the reservoir 320 and the solvents mix therein, the percentage of the

output fluid made up by solvent B can increase over time from about 0% to about 100%.

[0047)  Reservoirs for use in the exemplary systems 200 and 300 described above with
refereﬁce to FIGS. 2 and 3 can have a variety of configurations but generally coniprise a fluid-.
containing chamber. For example with reference now to FIG. 4, one exemplary embodlment of
a reservmr 420 1n accordance w1th various aspects of the present teachings i is depicted in detail.
As shown in FIG. 4, the reserv01r 420 generally extends from an upstream, inlet port 420a:to a
dOWnstream, outlet p_orgt‘:‘420b defmmg the fluid containing chamber 426 therebetween (e.g.,
along a direction of fluid flow). In various aspects, the fluid containing chamber 426 can be

configured to couple to a fluid flow pathway, which extends for example between a pump and an
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ion source as dlscussed above, in any surtable manner, such as, for example, usmg any one of
known fluid-tight couplmgs (e.g:;'by an adhesive, solvent or non-solvent bonding, weldmg,
mec_hamcal interlock, interference fit, etc.). By way of example, the exemplary reservoir 420 can
be configured to couple to the inlet conduit 432a and the outlet conduit 432b via fluidic coupling
elements 434a b respectively. For example, as shown in FIG. 4, the inlet end of the reservoir 420

can comprrse a threaded bore configured to receive a corresponding threaded fitting 434a

.coupledto the downstream end of inlet conduit 4323 (e.g., a standard 10-32 1/ 16” ﬁttlng) As

receive a correspondmg threaded ﬁttlng 434b that is coupled to the upstream end of the outlet
conduit 432b. It will be apprecrated by a person skilled in the art in hght of the present
teachings, however, that the couphng elements 434a b need not be 1dent1cal to one another. By
way;of example, 1n an exemplary embodiment in which the reservoir 420 can be removably
coupled in series to tne fluid ﬂow-pathwe.y, tne fluidic coupIing elements434a,'bbcan also be
configured to form a fluid-tight c‘onnec‘t_ivon‘, to one another when the .reservoir 420 is removed
(e. g.., disconnected) from the fluid flow pathway. As such, though both fluidic coupling

elements 434a,b are depicted in FIG. 4 as being male elements reCei\red within the female

- threaded bores of the reservoir, in one exemplary embodiment, one of the coupling elements

434a,b can be female and the other male such that these coupling elements 434a,b can be fluidly
coupled to one another if the reservoir 420 is removed from the fluid flow pathway.

[0048] - It will be appreciated-that the fluid-containing chamber 426 of the reservoir 420 can
be sized to contain a range of fluid volumes. By way of non-limiting example, reservoirs in

accordance with the present teachings can be configured to contain various volumetric capacities

. depending, for example, on the application and/or location of the reservoir within the fluid flow

pathway. In embodiments in whioh the reservoir‘is' conﬁgured to dispen‘se calibration fluid
ion source (e.g., flow rates in a range of about 10 pL to about 1000 pL per mrnute) the reservoir |
can have a volumetric capacrty ranging only up to a few mLs, for example In apphcatxons in

which the reservoir 420 is disposed upstream of an LC.column and the reservoir 420 contains a

portion of the mobile phase to be applied thereto, for example, the chamber can have a greéter

~ volumetric capacity (¢.g., up to about 250 mLs).
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[0049] In various aspects, the cross-sectional area of the chamber 426 of the reservoir 420
can differ relative to the cross-sectfonal area of the input and/or output ‘conduiis (and indeed the
majofity of the fluid flow pathway). By way of example, the ratio of the cross-sectional area of
the chambér 426 to the inner diaméter of the inlet conduits and outlet conduits can be in a range

chamber 426 can in some embodlments be greater than the cross—sectlonal area of the conduits

432a b that supply the drlvmg fluid and receive the discharged fluid so as to accommodate a

* volume of fluid in the reservcnr

[0050] As shown in FIG. 4, 5 the exemplary reservoir 420 additionally includes a partition 428
for segregating the fluid 1mt1ally contalned in the chamber 426 from that fluid received in the
inlet port 420a. The partition 428 can have a variety of configurations but generally prevents the
input fluid (e.g., fluid on the left side of the partition 428 in FIG. 4) from mixing with the fluid
disposed in the chamber 426 dowostream of the partition 428. The partition can have a variety
of shapes and/or sizés, but in some aspects, is configured to substantially seal to_ an inner wall of
the reservoir 420 such that fluid cannot generally pass between the partition 428 and the inner
wall. Thus, if the partition comprises a fluidly impermeable materiai; fluid will not be

ex’changed between the”upstream portion of the chamber 426 and the downstréérhbportion of the |

- dlong the direction of fluid flow. Thus, it w111 be apprec1ated that as the :d__rwmg fluid enters the

inlet port 420a of the reservoir, pressure is exerted on the upstream surface of the partition5 428,
thereby forcing the partition 428 to move to the right in FIG. 4 and ejecting the fluid contained
within the downstream portlon of the chamber from the outlet port 420b. In various aspects, the
partition 428 can comprise a fluidly impermeable material that can comprise or be coated with a
material for- reducnng the potential for friction forces between the outer surface of the partition
428 and the inner wall of the reservoir 420. By way of non-limiting example the partition 428
can comprise a cyhndncal disk of polytetraﬂuoroethylene (PTFE) though it will be appreciated
that the partition 428 can be comprised of other shapes and/or materials dependmg, for example,

on the configuration of the inner surface of the reservoir 420.

[0051] Use of the exerﬁplary reservoir 420 in a system 200 as shown in FIG. 2 for delivering
a calibration fluid to a sample source will now be described with reference to FIG. 5. ‘As shown

in FIG. 5, the exemplary.i_oh chromatogram depicts the ion signal detected by an API 4000
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QTRAP marketed by AB SCIEX opefated in MRM mode fb_f ‘de.tection of reserpi'ne. (positive ion

mode, transition 609 Da to 195 Da) when the reservoir 420 is filled with a calibrant comprising a

_ solution of 10 pg/uL reserpine in 50/50/0.1% water/methanol/formic acid. In the exemp'lary set-
" up, the chamber 426 of the reservoir 420 (i.e., a2 mL glass syringe) was filled with the reserpine

solution downstream of a PTFE disc and coupled at its outlet end 420b to an ion source pfobé.
Thé inlet end 420a was then fluidly coupled to a Perkin-Elmer series 200 micro LC pump

delivering 50/50 water/methanol mixture to the reservoir 420 at a volumetric flow rate of about

* 130 uL per minute. In accordance with the present teachings, the volumetric flow rate of the

output fluid from the reservoir was driven by the input flow such that the output flow was '

. substantially equal to 130 uL per minute. As shown in FIG. 5, the ion source is turned on so as

to generate a first signal (i.¢., without the heaters being turned on). A,fter.about 1.5 minuteé, the
de_solvatién heaters were activated (to about 400 °C) and the detected signal shows an increase as
the ion source is heated and ionization efﬁciency. increases. Upon reaching a steady-state
t¢mperature:f6r the ion source, the exemplary chfdrﬁatogra_m levels off with a relati’vely stable
signal of the reserpine within the calibration fluid (exhibiting a CV of about 2%).

[0052] With reference now to FIG. 6, another exemplary embodiment of a reservoir 620 in
accordance with various 'é'spects of the pre'se'nt teachings is depicted in detail. The reservoir 620
is substantidlly‘S‘imilar to the reseroi_r 420 depicted in FIG. 4, but differs in that the reservoir
620 does not include a partition 428, as shown in FIG. 4. Rather, as the driving fluid is

introduced into the inlet port 620a, it can mix with the fluid contained within the fluid chamber

- 626, such that the outlet fluid comprises a mixture of the driving fluid and the fluid initially

contained within the reservoir 620. It will be appreciated in light of the present teachings that the
comprises a higher proportion”o'f the driving fluid relative to the right side until all of the fluid
initially contained within the chamber 626 is discharged therefrom (e.g., the driving fluid has
flushed the reservoir fluid from the chamber 626). It will be appreciated by a person skilled in
the art in light of the present teachings that the internal shape of the fluid chamber 626 can alter
the mixing and with it the time profile of the composition ratio. By way of exarhple, the
chamber 626 could comprise a series of interconnected compartments, with the size of the
compartments and their interconnectivity affecting the mixing rate of the driving ‘ﬂuid and the

fluid contained within the one or more compartments. Additionally or alternatively, the internal
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diameter of the fluid chamber 626 can vary along its length (e.g., taper) so as to affect the mixing
rate of the input fluid and the fluid initially contained within the chamber 626.

[0053] With reference now to FIG. 7, demonstration of the use of the exemplary reservoir
620 for mixing the driving fluid with the fluid is contained within the reservoir will now be
described. As shown in FIG. 7, the exemplary ion chromatogram depicts the ion signal detected
by an API 4000 QTRAP markc_ted by AB SCIEX operated in MRM mode for detection of |
reserpine (positive ion mode, transition 609 Da to 195 Da) when the reservoir 620 is filled with a
fluid comprising a solution of 10 pg/pL reéef‘pi_ne in 50/50/0.i%'water/methan&l/fdnnic acid. In
the exemplary set-up, the chamber 626 of the reservoir 620 was fluidly coupled at its upsfream
end to a Perkin-Elmer series 200 micropump delivering 50/50/0.1% water/methanol/formic acid,
which generated a volumetric flow rate of about 40 p.L per minute and coupled at its outlet end
620b to an ion source probe. In accordance with the present teachings, the volumetric flow rate
of the output fluid from the reservoir was driven by the input flow such that the output flow was
substantially equal to 40 pL per minute. As shown in FIG. 7, as the driving fluid is introduced
into the inlet port 620a, the ion signal indicates that the fluid discharged from the reservoir
initially contains a high concentration of rese’rpiné, which decr’eases‘ over time as the reserpine
solution contained within the reservoir is mixed with, and eventually replaced by, the driving
blank solution. As will be appreciated by a person skilled in the art, if the driving liquid is a
chromatography solution B and the reservoir is initially filled with a chromatography solution A,
the reservoir 620 can thus generate a time profile in the composition of its outflow made up of
the two chromatography liquids (a so-called S gradient profile), for example, that can be used as

the input to the LC column 310 in the system 300 as shown in FIG. 3 to differentially elute

proportion (e.g., 100%) and that is reduced or eliminated as a second solvent replaces the first

solvent within the reservoir.

[0054] With reference now to FIGS. 8A-B, exemplary systems for fluidly coupling the

reservoir(s) (e.g., several reservoirs can be coupled in series or in parallel, each containing the
same or different fluids) to a fluid flow pathway in accordance with various aspects of the
present teachings is depicted. FIG. 8A, for example, depicts the use of the reservoir substantially

as described with reference to FIG. 7 for providing an exemplary S-gradient elution gradicﬁt
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~ profile to an LC column. That is, the reservoir can be pre-filled with Solvent A and disposed

between the LC column and an HPLC pump(s) coupled to a reservoir containing Solvent B. As
Solvent B is punlped into the ‘r'eservoir of FIG. 8A the proportion of Selvent B in the resulting
mobile phase applied to the LC column increases over time as depicted schematically until the
reservoir is emptied of Solvent A. Thus, a single HPLC pump can used to both pump and/or mix
the solvents applied to the LC column, thereby eliminating onie of the high pressure .C pumps
and mixing element typically used to drive the mdhile‘phase in known systems. It will be
appreciated in light of the present teachings that one or more reéervoirs can be placed in series or
in parallelv(e.:gi, via a bypass) with the reservoir depicted in FIG. 8A to enable the mixing of

more than two components, for example. -

[0055] -+ With reference now to FIG_. 8B, the use of a reservoir having a movable partition is
depicted schematically for generating a stepwisc profile in the mobile phase. That is, the
partition can substantially prevent the driving fluid from mixing With the fluid contained within
1n1t1ally contained therein. Thus the moblle phase 1n1t1ally apphed to the LC column compnses
100% Solvent A. Afiera pre-detennmed time, for examplé, one or more valves can be actnated,
for example, such that Solvent B is diverted into a bypass conduit and such that the reservoir is
fluidly decoupled from the LC column. As shown in FIG. 8B, thé mobilé phase applied to the

LC column can thus be switched in stepwise fashion to 100% Solvent B.

[0056] It will be apprec1ated that any number and conﬁguratlon of valve mechanlsms and
bypass condults can be used in accordance with the present teachlngs For example, FIG. 8B
depicts an exemplary valve manifold for refilling the reservoir. It will be appreciate that though
the valve manifold of FIG. 8B is shown in use with a reservoir having a moving partition, the -
present teachings can also be utilized to re-fill, for example, a reservoir that does not include
such a partition. In the exemplary fluid pathway deplcted in FIG. 8B, for example, two three-
way valves 1, 2 are disposed upstream of the reservoir (i.e., between the pump and the reservoir)
and two three- -way valves 3, 4 are disposed downstream of the reservoir (i.e., between the
reservoir and the LC column) To bypass and/or re-fill the reserv01r valves 1 and 4 can be
actuated such that the fluid from pump B bypasses the reservoir, while valves 2 and 3 can be
actuated to refill the reservoir from a master source of liquid A (e.g., the waste fluid i is driven to a

waste reservoir as liquid A refills the reservoir). In some aspects, the refill can be performed at
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low pressure and can; for example, be achieved by a gravity fed path or by a low;-:cost, low

pressure pump. Upon re-filling the reservoir, the valves can then be actuated such that ﬂuid
again is delivered by Pump B idto the inlet end of the reservoir: Though four three-way valves
are depicted in FIG. 8B, it will be appreciated that two four-way valves, for eXample, could be
used instead to divert the driving fluid into th_e bypass conduit and/or refill the reservoir while

removing waste.

[0057] Wiih reference now to FIG. 9, another exemplary reservoir 920 in various aspects of
the present teachings is depicted. Like the exemplary reservoir 420 of FIG. 4, the reservoir 920
comprises a inlet port 920a for receiving a driving ’ﬂﬁi’d, a flud ch'axﬁber 926 containing a Eﬂdid :
to be discharged from an outlet port 920b of the reservoir 920, and a partiti0n5928 segregating
the driving fluid from the fluid initially contained in the chaniber 926. ‘The partition 928 differs,
however in that the partltlon 928 comprises a flexible bladder that is configured to expand as the
present teachmgs, as the bladder 928 expands, the pressure within the reservoir 920 will i increase,

thereby driving the fluid contained within the fluid chamber 926 out of the outlet port 920b. It

w1ll further be appreciated that the pamtlon can comprise a Varlety of materials, but generally

can be fluid-impermeable and conﬁgured to expand and/or stretch upon receiving fluid through
the inlet port 920a. By way non-limiting example, the partition 928 can comprise EPDM
(ethylene propylene diene monomer rubber), neoprene, latex rubber, ﬂuoroelastomers (e.g.,
FPM/FKM), and perﬂuoroelastomers (FFPM/FKM). v

[005 8]  The section headmgs used herem are for orgamzatmnal purposes only and are not to

various embodiments, it is not intended that the applicant’s teachings be limited to such
embodiments. On the contrary, the applicant’s teachings encompass various alternatives; .

modlﬁcatlons and equwalents as will be apprec1ated by those of skill in the art.
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CLAIMS:

1. A system for delivering fluid to a mass spectrometry system, the system comprising::

10

20

25

a pump; and

a reservoir comprising an inlet port configured to receive a first fluid driven by

‘said pump and an outlet port configured to expel an output fluid of different composition .

than said first fluid, wherein the outlet port is configured to fluidly couple to an ion

source of a mass spectrometry system.

. The system of claim 1, further comprising a liquid chromatography (LC) column fluidly

coupled to the pump.

. The system of claim 2, wherein the LC column is disposed between the pump and the

IESErvoir.

. The system of claim 3', wherein the first fluid comprises an eluent from the LC column

and the output fluid comprises a calibration fluid.

.~ The system of claim 4, wherein the volumetric flow rate of the eluent into the inlet port is

substantially equal to the volumetric flow rate of the calibration fluid from the outlet pon.

. The system of claim 2, wherein the reservoir is disposed between the pump and the LC

column..

. The system of claim 6, wherein the reservoir is configured to contain a second fluid

~ having a different composition than the first fluid and the output fluid, and wherein the

first fluid comprises a first LC solverit and the second fluid comprises a second LC
solvent, and wherein the output fluid comprises a mixture of the first and second LC

solvents.

'I"he.system of claim 1, further comprising a fluid flow pathway extending between the

~ pump and the ion source, wherein said reservoir is configured to removably couple to

said fluid flow pathway.
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The system of claim 1, wherein the reservoir further comprises a liquid irhﬁenneable

partition disposed between the inlet port and the outlet port.

The system of claim 9, wherein the partition is movable along the axis of the reservoir.

. The system of claim 8, further comprising a second reservoir disposed downstream of the _

' first reservoir in the fluid flow pathway, wherein an inlet port of the second reservoir is

12

13.

Thé:_syst_em of claim 8, further comprisi‘ng a bypass conduit exte’ﬂding from a first end
coupled to the fluid flow pathway upstream from the reservoir to a second.end coupled to
the fluid flow pathway downstream from the reservoir.

A method:for delivering fluid to a mass spectrometry system, the method comprising:
operating a pump: to introduce a ﬁ_rst:ﬂuid into an inlet port of a reservoir; said
reservoir containing a second fluid different than said _ﬁ'r;St fluid,;

discharging an output fluid from an outlet port of said reservoir, wherein said

- output fluid is of a different composition from said first fluid; and

14,

15.

16.

delivering a sample fluid to be ionized to an ion source of a mass spectrometer.

The method of ¢laim 13, wherein said pump introduces a solvent into a liquid
chromatography (LC) column, wherein the pump, LC column, reservoir, and ion source

being fluidly coupled via a fluid ﬂow pathway.

The method of claim 14, wherein the LC column is disposed in the fluid flow pathway

between the pump and the reservoir.

The method of claim 15, wherein the first ﬂﬁid comprises an eluent from the LC column

and wherei'n‘s'aifd second fluid, said output fluid, and said sample fluid comprise a

_calibration fluid.

17.

The method of claim 14, wherein the reservoir is dispovse'd irl_.thé-ﬂuid flow pathway

between the pump and the LC column,

PCT/IB2014/002483
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19.
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The method of claim 17, wherein the first fluid comprises a first LC solvent and the
second fluid comprises a second LC solvent, and wherein the solvent introduced into the

LC column comprises the output fluid discharged from the reservoir.

The method of claim 18, wherein the output fluid discharged from the reservoir consists

of the second LC solvent during a first time duration.

. The method of claim 19, wherein the output fluid discharged from the reservoir

comprises a mixture of the first and second LC solvents during a second time duration

after the first time duration.
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International application No.
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X US 2013-0219999 A1 (CASEY et al.) 29 August 2013 1-20
See paragraphs [0004], [0012]-[0062]; claims 1-12; and figures 1, 6.

A EP 0452930 A2 (HITACHI, LTD.) 23 October 1991 1-20
See column 1, line 55-column 9, line 44; and figure 1.

A US 6100522 A (CHIANG, WILLIAM C. K.) 08 August 2000 1-20
See column 1, line 59-column 5, line 6; claims 1-13; and figure 1.

A US 2010-0107742 A1 (LIU et al.) 06 May 2010 1-20
See paragraphs [0009]-[0098]; and figures 1-3.

A US 5795469 A (QUINN et al.) 18 August 1998 1-20
See column 3, line 42-column 11, line 47; claims 1-13; and figures 1-12.

. . . . N7 .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categorics of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the gencral state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" documentof particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
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