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coupled to the valve. A system Including linearly translatable cartridge mounting assembly having a plurality of fluid dispensing
cartridge mounting stations and a plurality of fluid dispensing cartridges mounted to respective fluid dispensing cartridge mounting
stations. The system further including a plurality of compression assemblies coupled to respective fluid dispensing cartridges and a
recelving assembly positioned beneath the mounting assembly. A method Includes positioning a fluid dispensing cartridge
comprising a fluid reservoir and a metering chamber over a sample retaining member, applying a compressive force to the metering
chamber to eject a predetermined amount of fluid and removing the compressive force to refill the metering chamber.
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ABSTRACT
An apparatus including a fluid reservoir and a compressible metering chamber including a first

end coupled to the fluid reservoir and a second end. The apparatus further including a valve
coupled to the second end of the metering chamber and a nozzle coupled to the valve. A system
including linearly translatable cartridge mounting assembly having a plurality of fluid
dispensing cartridge mounting stations and a plurality of fluid dispensing cartridges mounted to
respective fluid dispensing cartridge mounting stations. The system further including a plurality
of compression assemblies coupled to respective fluid dispensing cartridges and a receiving
assembly positioned beneath the mounting assembly. A method includes positioning a tluid
dispensing cartridge comprising a fluid reservoir and a metering chamber over a sample
retaining member, applying a compressive force to the metering chamber to eject a

predetermined amount of fluid and removing the compressive force to refill the metering

chamber.
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FLUID DISPENSING SYSTEM

BACKGROUND

Kield

[0001] A fluid dispensing system, specifically a fluid dispensing apparatus that may be

used in a biological sample processing system.

Background

[0002] In various settings, processing and testing of biological specimens 1s required for
diagnostic purposes. Generally speaking, pathologists and other diagnosticians collect and
study samples from patients, and utilize microscopic examination, and other devices to assess
the samples at cellular levels. Numerous steps typically are involved in pathology and other
diagnostic process, including the collection of biological samples such as blood and tissue,
processing the samples, preparation of microscope slides, staining, examination, re-testing or
re-staining, collecting additional samples, re-examination of the samples, and ultimately the

offering of diagnostic findings.

[0003] While conducting biological tests, 1t 1s often necessary to dispense liquids, such as
reagents, onto test slides containing the biological specimens. When analyzing tumor tissue
for example, a thinly sliced section of the tissue might be placed on a slide and processed
through a variety of steps, including dispensing predetermined amounts of liquid reagents
onto the tissue. Automated reagent fluid dispensing systems have been developed to precisely

apply a sequence of pre-selected reagents to test slides.

[0004] A representative reagent dispensing system includes a reagent dispensing tray which
supports multiple réagent containers and 1s capable of positioning selected reagent containers
over slides to receive reagent. The system further includes an actuator to facilitate ejection of a
reagent out of the reagent container. During operation, the reagent dispensing tray positions a

reagent container adjacent the actuator. The actuator (e.g. piston) contacts, for example, a spring
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loaded displacement member associated with the reagent container, effecting movement of the

displacement member, which in turn causes reagent fluid to be applied over the slides.

SUMMARY

[0004a] According to some embodiments of the invention, there is provided an apparatus
comprising: a fluid reservoir; a compressible metering chamber comprising a first end coupled
to the tluid reservoir and a second end, the first end comprising an unopposed fluid conduit for
passage of a fluid between the fluid reservoir and the metering chamber; a valve coupled to the
second end of the rhetering chamber; and a nozzle coupled to the valve, wherein the nozzle
detines a valve reservoir connected to a fluid outlet channel, and wherein the valve is positioned
within the valve reservoir and an opening or closing of the valve controls a bidirectional fluid

flow through the fluid outlet channel.

[0004b] According to some embodiments of the invention, there is provided a system
comprising: a linearly translatable cartridge mounting assembly having a plurality of fluid
dispensing cartridge mounting stations; a plurality of fluid dispensing cartridges mounted to
respective fluid dispensing cartridge mounting stations, each of the plurality of fluid dispensing
cartridges comprising a fluid reservoir coupled to a compressible metering chamber and a valve
coupled to the compressible metering chamber; a plurality of compression assemblies coupled
to respective fluid dispensing cartridges for compressing the compressible metering chamber to
eject a fluid there from, and wherein each of the plurality of compression assemblies comprise
at least one compression member that moves along a length dimension of the metering chamber
to compress adjacent regions along the length dimension during fluid ejection; and a receiving
assembly positioned beneath the mounting assembly, the receiving assembly comprising a

plurality of rece1ving member positions for supporting a sample holding member.

[0004¢] According to some embodiments of the invention, there is provided a method
comprising: positioning a fluid dispensing cartridge comprising a fluid reservoir and a metering
chamber over a sample retaining member; applying a compressive force to the metering

chamber along a length dimension of opposing sides of the fluid dispensing cartridge to eject a
la

CA 2764544 2017-09-19



81686800

predetermined amount of fluid from the metering chamber onto the sample retaining member;

and removing the compressive force to refill the metering chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of the invention are illustrated by way of example and not by way of
limitation 1n the figures of the accompanying drawings in which like references indicate
similar elements. It should be noted that references to "an" or "one" embodiment in this

disclosure are not necessarily to the same embodiment, and such references mean at least one.

1b
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[0006] FIG. 1A illustrates a perspective view of one embodiment of a fluid dispensing

system.

[0007] FIG. 1B illustrates a cross-sectional view of one embodiment of a fluid dispensing

system.

[0008]  FIG. 2 illustrates an exploded view of one embodiment of a fluid dispensing system.
[0009] FIG. 3 illustrates a perspective view of one embodiment of the fluid dispensing
system of FIG. 2.

[0010] FIG. 4 illustrates a perspective view of one embodiment of the fluid dispensing
system of FIG. 2.

[0011] FIG. 5 illustrates a perspective view of one embodiment of the fluid dispensing
system of FIG. 2.

[0012]  FIG. 6 illustrates a cross-sectional view of the fluid dispensing system of FIG. 2.
[0013] FIG. 7A illustrates a cross-sectional view of the fluid dispensing system of FIG. 2
during operation.

[0014] FIG. 7B illustrates a cross-sectional view of the fluid dispensing system of FIG. 2
during operation.

[0015] FIG. 7C illustrates a cross-sectional view of the fluid dispensing system of FIG. 2
during operation.

[0016)] FIG. 7D illustrates a cross-sectional view of the fluid dispensing system of FIG. 2
during operation.

[0017] FIG. 8 illustrates a cross-scctional view of another embodiment of a fluid dispensing

system.

[0018] FIG. 9 illustrates a cross-sectional view of the fluid dispensing system ot FIG. 8
along line 9-9°.

10019] FIG. 10 illustrates a cross-sectional view of the fluid dispensing system of FIG. 8
along line 10-10°.

[0020] FIG. 11 illustrates a perspective view of the metering chambers of the fluid
dispensing system of FIG. 8.

[0021] FIG. 12 illustrates a cut out view of the stabilizer 1llustrated in FIG. 11.

[0022]  FIG. 13 illustrates a perspective view of one embodiment of a fluid holder for a fluid
dispensing system.

[0023]  FIG. 14A 1llustrates a side view of one embodiment of a compression assembly for a
fluid dispensing system during operation.

[0024] FIG. 14B illustrates a side view of one embodiment of a compression assembly for a

fluid dispensing system during operation.
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10025] FIG. 14C illustrates a side view of one embodiment of a compression assembly for a

fluid dispensing system during opcration.

[0026] FIG. 14D illustrates a side view of one embodiment of a compression assembly for a
fluid dispensing system during operation.

[0027]  FIG. 15A illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[10028] FIG. 15B illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0029] FIG. 15C illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0030] FIG. 15D illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0031] FIG. 15E illustrates a side view of another embodiment of a compresston assembly
for a fluid dispensing system during operation.

[0032] FIG. 16A illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0033] FIG. 16B illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0034] FIG. 16C illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0035] FIG. 16D illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0036] F1G. 16E illustrates a side view of another embodiment of a compression assembly
for a fluid dispensing system during operation.

[0037] FIG. 17 illustrates a top view of one embodiment of a fluid dispensing system.

[0038] FIG. 18 illustrates a side cross-sectional view of the fluid dispensing system of FIG.
17.

[0039] FIG. 19 illustrates a perspective view of one embodiment of a fluid dispensing
system.

0040] FIG. 20 is a flowchart of one embodiment of a fluid dispensing system.
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DETAILED DESCRIPTION
[0041] In the following paragraphs, the invention will be described in detail by way of

example with reference to the accompanying drawings. Throughout this description, the

embodiments and examples shown should be considered as exemplars, rather than as limitations
on the invention. Furthermore, reference to various aspects of the embodiments disclosed herein
does not mean that all claimed embodiments or methods must include the referenced aspects.
[0042] FIG. 1A 1illustrates one embodiment of a fluid dispensing system. The thud
dispensing system may be fluid dispensing cartridge 100 which generally includes fluid
reservoir 102 in fluid communication with metering chamber 110. Fluid reservoir 102 generally
includes a container that is configured to hold a predetermined amount of fluid, such as a
reagent or rinsing fluid. In some embodiments, reservoir 102 includes housing 104.

[0043] Housing 104 may' be a rigid housing that is constructed from a fluid impermeable
material. It should also be appreciated that housing 104 may be constructed from any material
suitable for holding liquid such as a chemically inert plastic, for example polyethylene or
polypropylene. In addition to containing a fluid, housing 104 may further provide a grasping
surface for handling and a marking surface so information may be recorded on the cartridge, for
example, by writing on the surface or affixing a label. The label may be, for example, a bar
code or a radio frequency identification (RFID) tag which identifies the contents of reservoir
102 and/or a processing protocol.

[0044] In some embodiments, housing 104 1s a clam shell housing having first portion 104A
and a second portion 104B. First portion 104A and second portion 104B may be separate pieces
which are positioned around metering chamber 110 and attached together to form housing 104.
In some embodiments, first portion 104A and second portion 104B are held together by, for
example, a detent or snap fit mechanism. It 1s contemplated that in some embodiments, when
first portion 104A and second portion 104B are secured to one another, air is allowed to pass
through the seam formed by the portions. In this aspect, the seam provides a venting

mechanism for air to enter into and equalize a pressure within housing 104. In such

embodiments, a liquid within housing 104 may be within a fluid bladder or liner positioned
within housing 104 as will be described in more detail in reference to FIG. 1B. In still further
embodiments, a valve 1s provided in housing 104 (see FIG. 1B) to allow for venting of air.
[0045] Metering chamber 110 extends from a base of fluid reservoir 102 and housing 104
(as viewed). In one embodiment, metering chamber 110 is a cylindrical member, for example a
tubular structure of a deformable material. Metering chamber 110 will be described in more

detail in reference to FIG. 2.
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[0046] Nozzle 120 may be positioned at an end of metering chamber 110. An outer surface

of nozzle 120 may include cut outs 174 to help reduce the amount of material needed to make
nozzle 120 and in turn, a weight of nozzle 120. Nozzle 120 may be secured to metering
chamber 110 with nozzle locking mechanism 134. Nozzle locking mechanism 134 may be a
cylindrical piece which encircles metering chamber 110 and includes arms that attach to nozzle
120 to hold nozzle 120 onto metering chamber 110. Representatively, the arms of nozzle
locking mechanism 134 may include hooks which hook under protruding regions formed within
nozzle 120. (see FIG. 2). Nozzle 120 may be constructed from any material suitable for
holding liquid such as a chemically inert plastic, for example, polyethylene or polypropylene.
The attachment of nozzle 120 to metering chamber 110 helps to control {luid ejection from
metering chamber 110.

10047] In some embodiments, collar 116 and extenders 136,138 may encircle an upper
region of metering chamber 110. Collar 116 secures an end of metering chamber 110 within the
opening of housing 104. Extenders 136, 138 may facilitate connection of metering chamber 110
to a compression assembly designed to drive ejection of fluid from metering chamber 110.
[0048] Cover 140 may further be provided to cover and protect metering chamber 110
during shipping of cartridge 100. Cover 140 may have any dimensions suitable for covering the
portion of metering chamber 110 extending outside of housing 104. Representatively, cover 140
may be a hollow, cylindrical plastic structure which tapers in diameter. Hooks 142, 144
extending from the edges forming the open end of cover 140 may be used to attach cover 140 to
housing 104. Hooks 142, 144 include barbed ends 146, 148, respectively. Housing 104 may
include openings 150, 152 on opposite sides of metering chamber 110. Openings 150, 152 are
dimensioned to receive hooks 142, 144. When barbed ends 146, 148 of hooks 142, 144 are
inserted within openings 150, 152, respectively, barbed ends 146, 148 catch on the edges of
openings 150, 152 to hold cover 140 in place. Cover 140 may bc removed by squeezing cover
140 to dislodge barbed ends 146, 148 and pulling cover 140 in a direction away from housing
104. Although a hook type fastening mechanism is disclosed, it is further contemplated that any
other mechanism suitable for securing cover 140 to housing 104 may be used.

[0049] FI1G. 1B illustrates a cross sectional view of the fluid dispensing system of FIG 1A
through the middle of the fluid dispensing system. In this aspcct, the fluid dispensing system
includes fluid dispensing cartridge 100 having fluid reservoir 102 formed by housing 104.
Housing 104 is in fluid communication with metering chamber 110. In some embodiments,
housing 104 may optionally include pressure valve 134 that allows pressure inside housing 104
to equalize to the ambient air pressure. In particular, pressure valve 134 may be used to stabilize-

pressure within housing 104 so that a vacuum is not formed within housing 104 after a portion

AN
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of the tluid within housing 104 is dispensed. Pressure valve 134 may be any valve that allows
air to enter housing 104. For example, pressure valve 134 may be a one-way "duck bill" type
check valve. In other embodiments, pressure valve 134 may be omitted and a seam formed by
joining first portion 104A and second portion 104B of housing 104 as previously discussed in
reference to FIG. 1A may be used to vent the system.

[0050] In some ecmbodiments, a fluid within fluid reservoir 102 1s held within fluid bladder
or liner 106. Bladder 106 may be positioned within the interior chamber defined by housing
104. Bladder 106 may contain a predetermined amount of a fluid (e.g., reagent or a rinsing
fluid) therein. Bladder 106 may be expandable such that it expands to conform to the
dimensions of the interior chamber of housing 104. In this aspect, a maximum amount of fluid
may be held within bladder 106 and in turn, housing 104. It should be appreciated that bladder
106 may be made of any suitable material that 1s substantially fluid impermeable and is flexible.
Bladder 106 may be, for cxample, a bladder such as that available from TechFlex Packaging,
LI.C of Hawthome, CA under model number TF-480.

10051] Bladder 106 assists with reducing ambient air contamination and extending the shelf
life of the fluid contained in it. In some embodiments, bladder 106 includes pleats to facilitate
expansion of bladder 106 from a collapsed to an expanded configuration. Bladder 106 may
have a quadrilateral cross section in the expanded configuration. For example, in embodiments
where housing 104 has a trapezoidal cross section, bladder 106 may also have a trapezoidal
cross section 1n the expanded configuration. In other embodiments, bladder 106 may have any
dimensions suitable for holding the desired amount of fluid, for example, an elliptical cross
section. Bladder 106 will be described in further detail in reference to FIG. 13.

0052]  Bladder 106 may be coupled to metering chamber 110 via connector 108. Connector
108 may be a substantially rigid member having cylindrical conduit 112 therethrough.
Conncctor 108 may be made of any material suitable for holding liquid such as a chemically
mert plastic, for example polyethylene or polypropylene. In this aspect, fluid from bladder 106

flows through connector 108 and into metering chamber 110. One end of connector 108 may be

sealed (e.g. heat sealed) to bladder 106 at an opening formed at an end of bladder 106. An
opposite end of connector 108 may be inserted within an end of metering chamber 110 and
through opening 114 formed through a base portion of housing 104.

[0053] Connector 108 may include upper portion 154 and lower portion 158. Bladder 106 is
sealed around upper portion 154. Lower portion 158 is inserted within metering chamber 110.
Upper portion 154 provides a first flange to help secure upper portion 154 within bladder 106.
As 1llustrated in FIG. 1B, first flange formed by upper portion 154 is positioned within bladder
106 and the opening of bladder 106 is sealed around the first flange.
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[0054] Lower portion 158 includes second flange 156 and third flange 160. Second flange
156 is positioned along an exterior surface of bladder 106 opposite the first flange. Third flange
158 is positioned at an end of lower portion 158 positioned within metering chamber 110.
[0055] In some embodiments, collar 116 may further be posttioned at opening 114 to ensure
a fluid tight seal between connector 108 and metering chamber 110. Collar 116 may be a ring
shaped structure positioned within opening 114 and outside of metering chamber 110. Collar
116 1s dimensioned to secure metering chamber 110 to connector 108 and prevent any gaps
between the two structures. In this aspect, collar 116 may have a diameter small enough to fit
within opening 114 and yet large enough to fit around metering chamber 110 to clamp or seal
the end of metering chamber 110 to connector 108. In some embodiments, collar 116 may be
made of a same or different material as connector 108, for example, a chemically nert plastic.
[0056] Collar 116 may include annular ring 162 formed around an inner surface of collar
116. Ring 162 is positioned slightly above third flange 160 of connector 108 (as viewed) so that
it pinches a portion of metering chamber 110 between ring 162 and third flange 160. This
configuration helps to secure metering chamber 110 around connector 108 and prevent metering
chamber 110 from separating from connector 108 and, in turn, housing 104.

[0057] Collar 116 may further include annular groove 164 formed around an upper edge of
collar 116. Annular groove 164 is dimensioned to receive upper flange 166 extending from an
upper portion of metering chamber 110. Positioning of upper flange 166 within annular groove
164 further helps to inhibit separation of metering chamber 110 from housing 104.

[0058]  Metering chamber 110 may be a fluid reservoir configured to hold fluid therein. In
this aspect, metering chamber 110 provides a holding space for a predetermined volume of fluid
that has passed from bladder 106 within fluid reservoir 102 into metering chamber 110 prior to
being ejected from cartridge 100. Metering chamber 110 may be any desired size or shape.
Metering chamber 110 may have a volume that 1s larger than the volume dispensed during each
dispensing cycle of cartridge 100. In some embodiments, metering chamber 110 holds a volume
of from about 1.5 ml to 4 ml. Representatively, metering chamber 110 may be a tubular
structure having a diameter of from about (.25 inches to about 1.25 inches, a length of about 2
inches to about 3 inches and hold a volume of from about 1.5 ml to 4 ml. According to this
embodiment, a volume of about 5 pul to about 400 ul + 5 pl may be dispensed from metering
chamber 110 during each ejection cycle.

[0059]  Metering chamber 110 may extend from housing 104 and provide a conduit for fluid
to travel from bladder 106 to an underlying sample. In one embodiment, metering chamber 110
may be a cylindrical member, for example a tubular structure. In one embodiment, metering

chamber 110 may be a tubular structure having substantially the same diameter along its length.
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In other embodiments, metering chamber 110 may be a tubular structure that is tapered in shape.
Metering chamber 110 may further include upper flange 166 and lower flange 168 to facilitate
attachment of chamber 110 to housing 104 and nozzle 120 respectively.

[0060] [n one embodiment, to secure metering chamber 110 to housing, metering chamber
110 may be inserted into opening 114 at the end of housing 104 and around connector 108
extending through opening 114. As previously discussed, upper flange 166 of metering
chamber 110 is positioned within annular groove 164 of connector 108 to help secure metering
chamber 110 to housing 104. Collar 116 may further be placed around metering chamber 110 to
ensure a fluid tight seal between metering chamber 110 and connector 108.

[0061]  Metering chamber 110 may be made of a substantially flexible or compressible
material. Preferably, the material of metering chamber 110 1s a material which minimizes
chemical permeability and returns to an original shape after compression. Representatively,
metering chamber 110 may be made of a material such as silicone, polyvinyl chloride (PVC) or
the like. In this aspect, metering chamber 110 may be deformed between a rest and an eject
position. In the rest position, a fluid may be contained within metering chamber 110.
Application of a compressive force to metering chamber 110 compresses metering chamber 110
causing the fluid within metering chamber 110 to be ejected out an opening in the end of
metering chamber 110. The amount of stroke of a compression mechanism applying the
compressive force may be used to control the volume of fluid ejected. In some embodiments,
the dispense volume may be adjustable. In other embodiments, the dispense volume may be
fixed.

[0062] The flow of fluid from metering chamber 110 is regulated by valve 118. Valve 118
1s located generally at the end of metering chamber 110. Valve 118 may be a liquid retention
valve. Representatively, valve 118 may have deformable flaps that seal against each other when
the valve is closed and separate from each other to form a gap when the valve is opened. When
metering chamber 110 is in a rest position, valve 118 remains closed and retains fluid within
metering chamber 110. When metering chamber is in an eject position (i.e. compressed), valve
118 opens. The pressure created within metering chamber 110 due to the compressive force
causes the ﬂuid to be gjected out of open valve 118. In some embodiments, valve 118 1s
Integrally formed at an end of metering chamber 110. In this aspect, valve 118 is made of the
same material as metering chamber 110. In other embodiments, valve 118 is a separate piece
which 1s attached (e.g. glued or heat sealed) to an open end of metering chamber 110 and may
be made of the same or different material than metering chamber 110. Valve 118 will be

discussed 1n further detail in reference to FIGS. 2-5.

7705P033 8



CA 02764544 2012-01-18

[0063] Nozzle 120 may be positioned at an end of metering chamber 110 such that a fluid
from valve 118 passes through nozzle 120 before exiting cartridge 100. Nozzle 120 is used to
control a direction and/or velocity of fluid flowing from metering chamber 110 out of cartridge

100. In this aspect, nozzle 120 may include reservoir 122 dimensioned to receive an end of
metering chamber 110. Nozzle 120 may further include fluid conduit 132 extending between
reservolr 122 and opening 124 at an end of nozzle 120. The dimensions of fluid conduit 132
and opening 124 may be selected to control a direction of fluid flow and/or velocity of fluid
¢jected through valve 118. Representatively, fluid conduit 132 may have a length and width
dimension and opening 124 may have a width dimension selected to control a direction of fluid
flow and a velocity of fluid ejection.

[0064]  In one embodiment, opening 124 may be defined by counter bore 170 formed at the
end portion of fluid conduit 132. In this aspect, opening 124 may have a width dimension
greater than a width of fluid conduit 132. Formation of counter bore 170 within the end portion
of fluid conduit 132 helps to prevent excess fluid not dispensed onto an underlying sample from
remaining along an outer surface of nozzle 120. In particular, fluid which would normally
collect on an outer surface of nozzle 120 instead remains within counter bore 170. When fluid
remains on an outer surface of nozzle 120, it is not dispensed onto the sample. This causes the
actual volume of fluid dispensed onto the sample to be less than the intended volume and can
affect sample treatment. Counter bore 170 allows for this excess fluid to be captured within
nozzle 120 and dispensed during the next dispensing cycle. Thus, a volume of fluid is dispensed
more accurately from cartridge 100.

[0065] When nozzle 120 is positioned around metering chamber 110, flange 168 extending
from metering chamber 110 rests along the top edge of nozzle 120. Nozzle locking mechanism
134, which encircles metering chamber 110, is then placed on a side of flange 168 opposite
nozzle 120. Arms of nozzle locking mechanism 134 extend beyond flange 168 toward nozzle
120 and are inserted within nozzle 120 to lock nozzle 120 to metering chamber 110.

[0066] In some embodiments, in addition to nozzle locking mechanism 134, an adhesive,
glue or hot-melt process may be used to secure nozzle 120 to metering chamber 110. In some
embodiments, an outer surface of the end of metering chamber 110 and an inner surface of
nozzle 120 may have complimentary ribbing or threading such that nozzle 120 is screwed
around an end of metering chamber 110. In other embodiments, nozzle 120 may be integrally
formed with the end of metering chamber 110. Nozzle 120 is described in further detail in
reference to FIG. 2.

[0067] Fluid may be ejected from metering chamber 110 through valve 118 and nozzle 120

by squeezing metering chamber 110. In one embodiment, compression assembly 126 coupled to
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metering chamber 110 squeezes metering chamber 110. Although specific compression
assemblies are discloscd herein, it 1s contemplated that compression assembly 126 may be any
type of compressive device which squeezes metering chamber 110 starting at the top end (i.e.
end closest to reservoir 102) and moving down to the bottom end (i.e. end furthest from
reservoir 102). In this aspect, fluid is prevented from flowing past compression assembly 126
and back toward fluid reservoir 102. Since fluid is prevented from flowing past compression
assembly 126 during the ejection cycle, a second valve at a proximal end of metering chamber
110 (1.e. end closest to reservoir 102) to prevent fluid backflow into fluid reservoir 102 is
unnecessary. In this aspect, a fluid conduit 112 of connector 108 positioned within metering
chamber 110 1s unopposed by, for example, a valve, and allows for unobstructed fluid flow from
reservolr 102 into metering chamber 110. Additional valves may, however, be included at each
end of metering chamber 110 if desired.

[0068] Compression assembly 126 may include compression members 128 and 130.
Compression members 128 and 130 may be of any size and shape suitable for compressing
metering chamber 110. Representatively, in one embodiment, compression members 128 and
130 arc elongated plate like structures such as those illustrated in FIG. 1B. In other
embodiments, compression members 128 and 130 may be, for example, rollers. Compression
members 128 and 130 may be positioned on opposite sides of metering chamber 110 and be
movable in a horizontal (i.e. a direction toward metering chamber 110). In some embodiments,
compression members 128 and 130 may further move in a vertical direction along a length of
metering chamber 110. Compression members 128 and 130 may be driven in the desired
direction by, for example, a rotary cam or gear mechanism. In other embodiments, movement
ot compression members 128 and 130 may be driven by a spring and piston assembly.

Although movement of both compression members is described, it is further contemplated that
in some embodiments only one of compression members 128 and 130 may move while the other
remains stationary.

[0069] To compress metering chamber 110, compression members 128 and 130 may be
advanced toward one another in a direction of metering chamber 110. Compression members
128, 130 compress (i.e. squeeze) metering chamber 110 along its length causing valve 118 to
open and a predetermined amount of fluid to be ejected there from. Upon ejection of the
predetermined amount of fluid, compression members 128 and 130 may be released allowing
metering chamber 110 to return to its original configuration. Expansion of metering chamber
110 back to 1ts original, resting configuration creates an initial vacuum within metering chamber
I 10 which draws the “last drop® hanging on the end of nozzle 120 back into counter bore 170 of

nozzle 120 for ¢jection during the next cycle. The phrase “last drop” as used herein refers to an
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amount of fluid which, due to the surface tension of the liquid, forms a drop and remains at the
end of nozzle 120 after the rest of the fluid is ejected. The presence or absence of the last drop

from the ejected fluid changes the amount of fluid applied to the underlying sample. It is

therefore important that the last drop be accounted for by either ensuring that it is ejected with
the initial amount of fluid or drawn back into the metering chamber and ejected with the next
amount of fluid applied to the sample.

[0070] FIG. 2 illustrates an exploded view of one embodiment of a fluid dispensing system
including a metering chamber. Metering chamber 200 includes tubular portion 210. Valve 240
s positioned at an end of tubular portion 210. Valve 240 may be constructed of cylindrical skirt
member 250 circumferentially disposed around base member 260. Cylindrical skirt member
250 may extend from an end of tubular portion 210. Base member 260 may be formed across
skirt member 250. An opening (see FIGs. 3-5) of valve 240 may be formed through base
member 260.

[0071] In some embodiments, metering chamber 200 further includes ribbing 230 formed
around an outer surface of tubular portion 210 to facilitate attachment of nozzle 220.
Representatively, ribbing 230 may be formed around an end portion of tubular portion 210. An
inner surface of nozzle 220 may include ribbing 280 complimentary to ribbing 230. Nozzle 220
may be attached to tubular portion 210 by positioning the end of tubular portion 210 having
valve 240 within reservoir 290 of nozzle 220 and positioning ribbing 280 of nozzle 220 between
ribbing 230 of valve 240.

[0072] Once nozzle 220 is positioned around valve 240 as previously discussed, nozzle
locking mechanism 234, which is positioned around tubular portion 210, may be pushed down
tubular portion 210 and into slots within nozzle 220 to lock nozzle 220 to tubular portion 210.
As previously discussed, flange 268 extending from tubular portion 210 may be positioned
between nozzle 220 and nozzle locking mechanism 234. In still further embodiments, nozzle
220 may be secured to tubular portion 210 by an adhesive, glue or hot melt. When nozzle 220 is
attached to tubular portion 210, fluid ejected from tubular portion 210 flows out of nozzle 220

through opening 270.
[0073] When tubular portion 210 of metering chamber 200 is compressed, valve 240 opens

deflecting skirt member 250 outward. This deflection of skirt member 250 causes skirt member
250 to press against the adjacent surface of nozzle 220. In this aspect, skirt member 250 creates
a seal between skirt member 250 and nozzle 220 which prevents any fluid from flowing back up
along the sides of nozzle 220. Instead, any fluid back up 1s contained within a region of nozzle

- 220 defined by skirt 250. Such feature is important to ensuring that an accurate amount of fluid

s delivered to the sample. In particular, if during dispensing of the fluid, the fluid were to
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escape out of the sides of nozzle 220, the amount of fluid dispensed would actually be less than
that which 1s expected. Sealing of skirt member 250 against nozzle 220 will be discussed in

more detail in reference to FIG. 6 and FIGs. 7A-7D.
[0074] KI1G. 3, FIG 4. and FIG. 5 illustrate various embodiments of a valve. FIG. 3

tllustrates tubular portion 210 of metering chamber 200 including valve 240 having base
member 260. Valve 240 includes opening 310 formed through base member 260. In this
embodiment, opening 310 is in the shape of a slit. In this aspect, when tubular portion 210 of
metering chamber 200 is compressed, the valve flaps forming slit 310 open allowing for ejection

of a fluid held within tubular portion 210.

[0075] FIG. 4 includes the same structures as FIG. 3 except that in this embodiment,
opening 410 is a “Y” shaped opening. Similar to valve 240 of FIG. 3, when tubular portion 210
of metering chamber 200 is compressed, the valve flaps forming the “Y”’ shaped opening 410
open allowing tor ejection of a fluid held within tubular portion 210.

[0076] F1G. 3 includes the same structures as FIG. 3 and FIG. 4 except that in this
embodiment, opening 510 is a cross shaped opening. Similar to valve 240 of FIG. 3 and FIG.
4, when tubular portion 210 of metering chamber 200 is compressed, the valve flaps forming
cross shaped opening 510 open allowing for ejection of a fluid held within tubular portion 210.
[0077] FIG. 6 1llustrates a cross-sectional view of the metering chamber of FIG. 2. In this
embodiment, tubular portion 210 of metering chamber 200 is shown attached to nozzle 220.
lubular portion 210 may be attached to nozzle 220 by ribbing 230 and 280 and nozzle locking
mechanism 234. Valve 240 is positioned within nozzle 220. Valve 240 includes base member
260 and skirt member 250. Base member 260 includes flaps 640, 650 which are split at region
020 to define an opening when metering chamber 200 is compressed.

[0078] Skirt member 250 is positioned within recessed region 610 of nozzle 220. As can be
scen from FIG. 6, recessed region 610 is an annular chamber formed within reservoir 290 of
nozzle 220. Skirt member 250 rests within recessed region 610 and may be sealed to opposing
sides of recessed region 610 depending upon whether skirt member 250 is in a non-deflected or
detlected configuration. FIG. 6 illustrates skirt member 250 in a non-deflected state (i.e., valve
240 1s 1n a closed configuration). When skirt member 250 is in a deflected state, flaps 640, 650
open and skirt 250 deflects and seals to an opposite surface of recessed region 610. A fluid may
then be ejected out of tubular portion 210 through slit 620 along channel 630 leading to opening
270 ot nozzle 220 and out of nozzle 220. As previously discussed, the portion of nozzle 220

forming opening 270 includes counter bore 272 for retaining any non-dispensed fluids within

nozzle 220.
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[0079]  FIGs. 7A-7D illustrate a cross sectional view of the fluid dispensing system of FIG.
2 during operation. In particular, a transition of metering chamber 200 between a rest and an

eject position is illustrated. Metering chamber 200 is substantially the same as the metering

chamber disclosed in reference to FIG. 6. In this aspect, metering chamber 200 includes tubular
portion 210, valve 240 and nozzle 220. Valve 240 includes base member 260 having tlaps 640,
650 which split at region 620 to form an opening or slit and skirt member 250. Skirt member
250 is positioned within recessed portion 610 of nozzle 220. Tubular portion 210 includes
ribbing 230 complimentary to ribbing 280 of nozzle 220 to facilitate attachment of nozzle 220 to
tubular portion 210.

[0080]  FIG. 7A illustrates metering chamber 200 in a rest position. As can be seen from
FIG. 7A, in the rest position, slit 620 of valve 240 is in a closed position. In addition, skirt
member 250 is in a non-deflected state. In this aspect, skirt member 250 rests along an inner
surface of the portion of nozzle 220 defining recessed portion 610. Since slit 620 is in a closed
position, fluid 710 is held within tubular portion 210.

[0081]  FIG. 7B illustrates metering chamber 200 in an eject position. In this aspect, tubular
portion 210 has been compressed. As previously discussed, compression of tubular portion
causes slit 620 to open. Fluid 710 is then ejected out of tubular portion 210 through slit 620
along channel 630 leading to opening 270 of nozzle 220 and out of nozzle 220. Opening of
valve 240 deflects skirt member 250 toward an outer surface of the portion of nozzle 220
defining recessed portion 610. Deflection of skirt member 250 effectively seals skirt member
250 against recessed portion 610 and prevents fluid from flowing up nozzle 220 between the

sides of tubular portion 210 and nozzle 220.

[0082] FIG. 7C illustrates metering chamber 200 in an eject position afier the desired
amount of fluid 1s ejected. In this aspect, tubular portion 210 has been compressed and the
desired amount of fluid has been ejected out of metering chamber 200 through opening 270 of
nozzle 220. A last drop of fluid 710, however, remains attached to the end of nozzle 220. It is

desired that the last drop be sucked back into nozzle 220 and ejected with the next fluid ejection

cycle.

[0083] FIG. 7D illustrates an embodiment in which valve 240 has returned to the rest
position. As can be seen from a comparison of FIG. 7C and 7D, base member 260 transitions
from a substantially convex configuration in the ¢ject position of FIG. 7C to a substantially
concave configuration in the rest position of FIG. 7D. This transition creates a vacuum within
the area between nozzle 220 and base member 260. This vacuum effect draws the last drop of

fluid 710 back into nozzle 220. Last drop 710 then remains within channel 630 or counter bore

2772 of nozzle 220 as shown 1n FIG. 7D until the next fluid ejection cycle. FIG. 7D further
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illustrates skirt member 250 returning to the non-deflected configuration once valve 240 returns
to the rest position. In the non-deflected configuration, skirt member 250 rests along an inner

surface of the portion of nozzle 220 forming recess portion 610.

[0084] FIG. 8, FIG. 9 and FIG. 10 illustrate various views of a fluid dispensing system
including a fluid dispensing cartridge having two metering chambers. In particular, F1G. 8
illustrates a perspective view of onec embodiment of a fluid dispensing system cluding a fluid
dispensing cartridge having two metering chambers. FIG. 9 illustrates a cross sectional view of
the fluid dispensing system of FIG. 8 along line 9-9°. FIG. 10 illustrates a cross sectional view
of the fluid dispensing system of FIG. 8 along line 10-10°.

[0085]  Fluid dispensing cartridge 800 generally includes fluid reservoir 802 that 1s 1n fluid
communication with metering chambers 810 and 812. Fluid reservoir 802 is generally a
container that is configured to hold a predetermined amount of a fluid, such as a reagent or a
rinsing fluid. In some embodiments, reservoir 802 includes housing 804. Housing 804 may be
a rigid housing that is constructed from a fluid impermeable material similar to housing 104
discussed in reference to FIG. 1B. Representatively, housing 804 may be constructed from any
material suitable for holding liquid such as a chemically inert plastic, for example polyethylene
or polypropylene. In addition to containing a fluid, housing 804 may provide a grasping surface
for handling and a marking surface so information may be recorded on the cartridge, for
example, by writing on the surface or affixing a label. The label may be, tor example, a bar
code or RFID which 1dentifies the contents of reservoir 8§02 and/or a processing protocol.
[0086] In some embodiments, housing 804 may be a clam shell type housing similar to
housing 104 discussed in reference to FIG. 1B. The seam created where each of the sides of
housing 804 meet may allow air to pass through it to facilitate equalization of pressure within
housing 804. In particular, the gaps at the scam may be used to stabilize pressure within
housing 804 so that a vacuum is not formed within housing 804 after a portion of the fluid
within housing 804 1s dispensed. In some embodiments, housing 804 may optionally include
pressure valve 8350 that allows pressure inside housing 804 to equalize to the ambient air
pressure. Pressure valve 850 may be substantially the same as pressure valve 134 discussed in
reference to FIG. 1B. Pressure valve 850 may be any valve that allows air to enter housing 804.
For example, pressure valve 850 may be a one-way "duck bill" type check valve.

[0087]  Housing 804 may be dimensioned to accommodate fluid bladder 806 and fluid
bladder 808. Bladders 806, 808 may be positioned within the interior chamber defined by
housing 804. In some embodiments, bladders 806, 808 are positioned side by side within
housing 804. In other embodiments, housing 804 may include a wall dividing the interior

chamber into two chambers In order to separate bladders 806, 808.
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[0083] Bladders 806, 808 may contain a predetermined amount of a fluid (e.g., reagent or a
rinsing fluid) therein. The fluids contained in bladders 806, 808 may be the same or different.
For example, in some embodiments, it may be desirable to use two different fluids which must
be kept separate prior to application to a sample. In this aspect, one of the fluids may be
contained in bladder 806 and the other fluid in bladder 808. The fluids will not mix until they
are ejected from metering chambers 810, 812 coupled to bladders 806, 808, respectively.

[0089] Bladders 806, 808 may be expandable. Bladders 806, 808 may expand to conform to
the dimensions of the interior chamber of housing 804. In this aspect, a maximum amount of
fluid may be held within bladders 806, 808 and in turn, housing 804. It should be appreciated
that bladders 806, 808 may be made of any suitable material that is substantially fluid
impermeable and is flexible. Bladder 106 may be, for example, a bladder such as that available
from TechFlex Packaging, LLC of Hawthorne, CA under model number TF-480. Use of
bladders 806, 808 may assist with reducing ambient air contamination and extending the shelf
life of the fluid contained 1n it.

[0090] In some embodiments, bladders 806, 808 include pleats to facilitate expansion of
bladders 806, 808 from a collapsed to an expanded configuration. Bladders 806, 808 may have
a quadrilateral cross section in the expanded configuration. For example, in embodiments where
housing 804 has a trapezoidal cross section or an elliptical cross section, bladders 806, 808 may
also have a trapczoidal cross section in the expanded configuration such that the two bladders
combined conform to the internal dimensions of housing 804. It is contemplated that bladders
806, 808 may have the same or different dimensions. Bladders 806, 808 may be in fluid
communication with metering chambers 810, 812, respectively.

[0091]  Nozzles 834 and 836 may be positioned around ends of metering chambers 810, 812,
respectively. Similar to nozzle 120 described in reference to FIG. 1A and FIG. 1B, nozzles
834, 336 may have counter bores 870, 872 forméd at openings 838, 840 and cut outs 860, 862.
In some embodiments, nozzle locking mechanisms 864, 866 similar to nozzle locking
mechanism 134 or 234 described in reference to FIG. 1A and FIG. 2 may encircle metering
chambers 810, 812 respectively, and lock nozzles 834, 836 to metering chambers 810, 812. In
still further embodiments, stabilizer 846 may be positioned around nozzles 834, 836 to provide
additional support to metéring chambers 810, 812.

0092} Compression assembly 852 may be coupled to metering chambers 810, 812 to
facilitate fluid ejection. Compression assembly 852 may include compression members 854,
856 simuilar to those described in reference to FIG. 1B. In this embodiment, compression
members 854, 856 are dimensioned to simultaneously compress metering chambers 8§10, 812

without pressing the chambers together. Representatively, compression members 854, 856 have
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a width dimension at least as wide as each of metering chambers 8§10, 812 and a distance in
between metering chambers 810, 812. In this aspect, compression member 854 is positioned
adjacent one side of metering chambers 810, 812 and compression member 856 is positioned
adjacent an opposite side of metering chambers 810, 812. When compression members 854,
856 are pressed together, they compress each of metering chambers 810, 812 without pressing
them together. Compression members 854, 856 may be driven in the desired direction by a
rotary cam or gear mechanism coupled to compression members 854, 856. In other
embodiments, movement of compression members 854, 856 may be driven by a spring and
piston assembly. Compression of metering chambers 810, 812 using compression assembly 852
may be carried out as previously described in reference to FIG. 1B.

[0093]  As illustrated in FIG. 9, bladders 806, 808 may be coupled to metering chambers
810, 812 using similar connecting components as those described in reference to FIG. 1B. In
particular, an end of connectors 814, 816 having cylindrical conduits 818, 820 there through
may be inserted within ends of metering chambers 810, 812. Opposite ends of connectors 814,
816 may be sealed (e.g. heat sealed) to bladders 806, 808, respectively. Connectors 814, 816
having ends of metering chambers 810, 812 positioned thereon, may be positioned within
openings 822, 824 formed through a base portion of housing 804. In this aspect, fluid from
bladders 806, 808 flows through connectors 814, 816 and into metering chambers 810, 812,
respectively. Connectors 814, 816 may be cylindrical members made of substantially the same
material as the connector disclosed in reference to FIG. 1B.

[0094]  Connector 814 may include upper portion 860 and lower portion 868. Upper portion
860 1s positioned inside of bladder 806 and lower portion 868 is inserted within metering
chamber 810. Upper portion 860 provides a first flange to help secure upper portion 860 within
bladder 806. As illustrated in FIG. 1B, first flange formed by upper portion 860 is positioned
within bladder 806 and the opening of bladder 806 is scaled around the first flange.

10095] Lower portion 868 includes second flange 864 and third flange 872. Second flange
864 1s positioned along an exterior surface of bladder 806 opposite the first flange. Third flange
872 1s positioned at an end of lower portion 868 positioned within metering chamber 810.
[0096] In some embodiments, collar 826 may further be positioned at opening 822 to ensure
a fluid tight seal between connector 814 and metering chamber 810. Collar 826 may be a ring
shaped structure positioned within opening 822 and outside of metering chamber 810. Collar
826 1s dimensioned to secure metering chamber 810 to connector 814 and prevent any gaps
between the two structures. In this aspect, collar 826 may have a diameter small enough to fit

within opening 822 and yet large enough to fit around metering chamber 810 to clamp or seal
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the end of metering chamber 810 to connector 814. In some embodiments, collar 826 may be

made of a plastic material or the like

[0097] Collar 826 may include annular ring 870 formed around an inner surface of collar
826. Ring 870 is positioned between second flange 864 and third flange 872. Ring 870 catches
a portion of metering chamber 810 between third flange 872 and ring 870 to prevent separation
of metering chamber 810 from housing 804. Collar 826 further includes annular groove 878
formed around an upper edgc of collar 826. Annular groove 878 is dimensioned to rcceive
upper tlange 880 formed by metering chamber 810. Positioning of upper flange 880 within
annular groove 878 further helps to prevent separation of metering chamber 810 from housing
304.

[0098] Connector 816 may be similar to connector 814. Representatively, connector 816
may include upper portion 862 having a first flange and lower portion 876 having second flange
866 and third flange 874. Collar 828 similar to collar 826 may further be provided at opening
824 to ensure a fluid tight seal between connector 816 and metering chamber 812. Collar 828
may include annuiar ring 886 positioned between second flange 866 and third flange 874 to
prevent separation of metering chamber 812 from housing 804. Collar 828 may further include
an annular groove 882 formed around an upper edge for receiving upper flange 884 of metering
chamber 810. Although collar 826 and collar 828 are described separately, it is contemplated
that collars 826, 828 may be separate structures or may be mtegrally formed such that they are
connected together.

[0099] Metering chambers 810, 812 may be substantially the same as metering chamber 110
described in reference to FIG. 1. In this aspect, metering chambers 810, 812 provide a holding
space {or a predetermined volume of fluid that has flown from bladders 806, 808, respectively,
prior to being ejected from cartridge 800. Metering chambers 810 and 812 may be any desired
size or shape. Metering chambers 810, 812 may have a volume that is larger than the volume
dispensed during each dispensing cycle of cartridge 800. It is noted that in embodiments such as
cartridge 800 having two metering chambers 810, 812, the total amount of fluid dispensed with
each cycle may be the same as in embodiments such as cartridge 100 of FIG. 1 having a single
metering chamber. In this aspect, the dimensions of metering chambers 810, 812 may be less
than those of metering chamber 110 of cartridge 100 and each of metering chambers 810, 8§12
may hold, for example, a volume of about half that of metering chamber 110. Representatively,
each of metering chambers 810, 812 may be tubular structures having a diameter of from about
1/8 inches to about 0.75 inches and a length of about 2 inches to about 3 inches. In some

embodiments, each of metering chambers 810, 8§12 may hold a volume of about 5 ul to about
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200 ul. A combined dispense volume of metering chambers 810, 812 may be between about 5

il to about 400 ul + 5 ul during each ejection cycle.
[0100] Metering chambers 810, 812 may be made of a substantially flexible or compressible

material. Preferably, the material of metering chambers 810, 812 is a material which minimizes
chemical permeability and returns to an original shape after compression. Representatively,
metering chambers 810, 812 may be made of a material such as silicon, polyvinyl chloride
(PVC) or the like. In this aspect, metering chambers 810, 812 may be deformed between a rest
and an eject position. In the rest position, a fluid may be contained within metering chambers
810, 812. Application of a compressive force to metering chambers 810, 812 compresses
metering chambers 810, 812 causing the fluid within metering chambers 810, 812 to be ejected
out an opening in the end of metering chambers 810, 812.

[0101] Each of metering chambers 810, 812 includes valve 830, 832, respectively, to
regulate fluid flow from chambers 810, 812. Valves 830, 832 may be substantially the same as,
for example, valve 118 described in reference to FIG. 1B.

[0102] Nozzle 834 may be positioned at an end of metering chamber 810 around valve 830.
Simtlarly, nozzle 836 may be positioned at an end of metering chamber 812 around valve 832.
Nozzles 834, 836 are used to regulate fluid flow from metering chambers 810, 812, respectively,
out of cartridge 800. Nozzles 834, 836 may be substantially similar to nozzle 120 described in
reference to FIG. 1B except they may be dimensioned to direct fluids flowing through each
nozzle into a common stream. In this aspect, nozzles 834, 836 may be dimensioned to receive
an end of metering chambers 810, 812, respeétively. Nozzles 834, 836 may include channels
842, 844 leading to openings 838, 840, respectively, for ejection of fluids. Counter bores 890,
892 may further be formed at the ends of channels 842, 844 defining openings 838, 840.
Channels 842, 844 may have a length and width dimension to control a flow direction and/or
velocity of fluid ejected from openings 838, 840 of valves 834 and 836, respectively. In
addition, channels 842, 844 may be formed at angles within nozzle 834, 836, respectively,
sutficient to direct a fluid flowing out of opening 838 toward a fluid flowing from opening 840

such that the fluid streams mix together betore contacting the sample.

[0103] A fluid tight seal may be provided between nozzles 834, 836 and metering chambers
810, 812, respectively, to secure nozzles 834, 836 to metering chambers 810, 812, respectively.
Representatively, nozzle 834 may be secured around the end of metering chamber 810 using an
adhesive, glue or hot-melt. In some embodiments, an outer surface of metering chamber 810
may have ribbing 894 and an inner surface of nozzle 834 may have complimentary ribbing 896

that can be positioned between ribbing 894 to help secure nozzle 834 around an end portion of

metering chamber 810. In other embodiments, metering chamber 810 and the inner surface of
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nozzle 834 have complimentary threading. In still further embodiments, nozzle 834 may be
integrally formed with the end of metering chamber 810. Nozzle 836 may be attached to
metering chamber 812 in a similar or different manner than that used to attach nozzle 834 to
metering chamber 810. Representatively, nozzle 836 may be attached to metering chamber 812
using an adhesive and/or complimentary ribbing 888, 898 or threading as previously discussed.
[0104] In some embodiments, once nozzles 834, 836 are attached to the ends of metering
chambers 810, 812 they can be attached to one another. Representatively, when nozzles 834,
836 are placed on metering chambers 810, 812, the adjacent surfaces of nozzles 834, 836 may
be flat so that they can be placed next to one another without modifying a vertical position of
metering chambers 810, 812. One of nozzles 834, 836 may include a protruding portion and the
other of nozzles 834, 836 may include a receiving portion dimensioned to receive the protruding
portion. When nozzles 834, 836 are pressed together, protruding portion is inscrted into
receiving portion to hold nozzles 834, 836 together. In some embodiments, each of nozzles 834,
836 may include a protruding portion and a receiving portion.

[0105] Stabilizer 846 may be connected to metering chambers 810, 812 and nozzles 834,
836. In some embodiments stabilizer 846 may be a substantially oblong shaped cylindrical
structure which encircles metering chambers 810, 812 and nozzles 834, 836. Compartments
may be formed within stabilizer 846 which are dimensioned to receive portions of metering
chambers 810, 812 and nozzles 834, 836. In some embodiments, stabilizer 846 is a separate
structure from metering chambers 810, 812 and nozzles 834, 836 which is fit around metering
chambers 810, 812 and nozzles 834, 836 once they are assembled. Representatively, stabilizer
846 may include two halves which may be snap fit together around chambers 810, 812 and
nozzles 834, 836. In other embodiments, nozzles 834 and 836 may be connected to and extend
from one end of stabilizer 846.

[0106] Each of metering chambers 810, 812 further include lower flanges 893, 897
positioned between nozzles 834, 836 and nozzle locking mechanisms 864, 866 to help secure
nozzles 834, 836 to metering chambers 8§10, 812.

[0107] FI1G. 10 1llustrates a cross sectional view of the fluid dispensing system of FIG. 8
along lme 10-10°. As can be seen from this view, compression members 854, 856 may be used
to compress metering chamber 810 (and metering chamber 812) to ¢ject a volume of fluid.
[0108] FIG. 11 is a perspective view of the metering chambers illustrated in FIG. 8.
Metering chambers 810, 812 are shown attached to stabilizer 846 and nozzles 834, 836. As
previously discussed, stabilizer 846 may have an oblong, cylindrical shape which encompasses
portions of metering chambers 810, 812 and nozzles 834, 836. Nozzles 834, 836 include
openings 838, 840, respectively, which direct streams of fluid flowing there through toward one
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another so that they mix prior to application to a sample. Nozzles 834, 836 may include counter
bores 870, 872 to capture a “last drop” as previously discussed. Nozzle locking mechanisms
864, 866 may further be provided to lock nozzles 834, 836 to metering chambers 810, 812,
respectively.

[0109] FIG. 12 illustrates a cut out view of the stabilizer illustrated in FIG. 11. Ends of
metering chambers 810, 812 are shown positioned within compartments of stabilizer 846
dimensioned to receive metering chambers 810, 812 and nozzles 834, 836. Nozzles 834, 836
include channels 842, 844 for directing a fluid out openings 838, 840. As can be seen from
FIG. 12, channels 842, 844 are angled toward one another so that the fluid flow is directed out
openings 838, 840 and 1nto a single strcam.

[0110] FIG. 13 illustrates a perspective view of one embodiment of a fluid holder for a fluid
dispensing system. In this embodiment, the fluid holder may be a bladder positioned within the
fluid dispensing cartridge. Bladder 1302 may be dimensioned to hold fluid therein. In some
embodiments, edges 1310 and 1312 of bladder 1302 are sealed together (e.g. heat sealed). Edge
1314 may be sealed around a connector (e.g. connector 108) used to connect a metering
chamber (e.g. metering chamber 110) to bladder 1302. Pleat 1306 is formed in end 1304. In
this aspect, bladder 1302 may be expandable from a deflated to an inflated shape. In the deflated
configuration, bladder 1302 may be substantially flat. The addition of a fluid to bladder 1302
causes bladder 1302 to expand at pleat 1306 to an inflated or expanded configuration. Bladder
1302 may expand to any of the previously described shapes, e.g. to a shape having a
quadrilateral cross section.

[0111] Pleat 1306 may have a depth D. Depth D of pleat 1306 may be determined based
upon the desired fluid volume of bladder 1302. Representatively, as depth D of pleat 1306
Increases, the fluid volume of bladder 1302 further increases. Representatively, in one
embodiment where bladder 13-02 has a length of about 5 inches and a width of about 4 inches in
the unexpanded configuration, pleat 1306 may have a depth D of about 1 inch giving bladder
1302 a fluid volume of from about 250 mL to about 350 mL in an expanded configuration. In
other embodiments, the depth D of pleat 1306 may vary from 0.60 inches to about 1.5 inches.
[0112] In still further embodiments, pleats may be included along edges 1310, 1312 of
bladder 1302 and end 1304 may not include a pleat.

[0113] FIGs. 14A-14D illustrate one embodiment of a side view of a compression
assembly. FIG. 14A illustrates compression assembly 1400 in an open configuration such that
it 1S not compressing metering chamber 1404. Compression assembly 1400 may be
substantially the same as compression assembly 126 described in reference to FIG. 1B. In this

aspect, compression assembly 1400 may include compression members 1406, 1408 positioned
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along the sides of metering chamber 1404. Metering chamber 1404 extends from fluid reservoir
1402 and allows for ejection of fluid. Metering chamber 1404 and reservoir 1402 may be
substantially the same as metering chamber 110 and fluid reservoir 102, respectively, described
in reference to FIG. 1B. Nozzle 1432 similar to nozzle 120 described in reference to FIG. 1B is
attached to an end of metering chamber 1404. An alignment member 1434 may further be
attached to a bottom of compression assembly 1400 to help align metering chamber 1404 within
compression assembly 1400 together with fluid dispensing cartridge 100 described in reference
to FIG. 1A. Fluid dispensing cartridge 100 may be positioned on mounting assembly 1904 by
ball detent seat 1908, as described in more detail in reference to FIG. 19. Although
compression assembly 1400 1s described in connection with a single metering chamber such as
metering chamber 110 of FIG. 1B, it is contemplated that compression assembly 1400 may be
used to compress more than one metering chamber, for example metering chambers 810, 812 as
disclosed in reference to FIG. 8.

[0114] Compression members 1406, 1408 are substantially flat members having curved
ends. A length of the flat region of compression members 1406, 1408 may be modified to
control a volume of fluid dispensed from metering chamber 1404. Representatively, when
compression members 1406, 1408 having a flat region length of between about 0.5 inches and
about 0.6 inches are compressed against metering chamber 1404, a volume of from about 380
nL to about 480 pl. may be dispensed.

[0115] Compression members 1406, 1408 may be attached to support members 1410, 1412,
respectively. Support members 1410, 1412 drive movement of compression members 1406,
1408. Support members 1410, 1412 are pivotally attached (e.g. by a pin, screw or the like) to
compression guides 1414, 1416, respectively. Compression guides 1414, 1416 help to support
and position compression members 1406, 1408 around metering chamber 1404. Compression
guides 1414, 1416 are rotatably connected to each other by pivdt mechaﬁism 1422. In this
aspect, movement of compression guides 1414, 1416, and in turn support members 1410, 1412
in a direction toward one another drives movement of compression members 1406, 1408 toward
metering chamber 1404. Spring 1424 is connected between support member 1410 and
compression guide 1414. In this aspect, when compression guide 1414 is in the open position as
1llustrated in FIG. 14A, compression member 1406 is biased in a direction away from metering
chamber 1404 and does not compress metering chamber 1404. Similarly, spring 1426 is
connected between support member 1412 and compression guide 1416 to bias compression
member 1408 in a direction away from metering chamber 1404 in the open position.

[0116] Actuator 1428 1s attached to support member 1412 by link plate 1430. Link plate
1430 1s pivotally attached at opposite ends to actuator 1428 and support member 1412.
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[0117] To compress metering chamber 1404, actuator 1428 pushes link plate 1430 in a
direction toward metering chamber 1404. This movement of link plate 1430 causes support
member 1412 attached to compression member 1408 to move in a direction toward metering
chamber 1404. Support member 1410 and compression member 1406 also move in a direction
toward metering chamber 1404. This initial movement causes the curved ends of compression
members 1406, 1408 to contact metering chamber 1404. Further movement by actuator 1428 in
a direction of metering chamber 1404 causes the curved ends of compression members 1406,
1408 to compress metering chamber 1404 at the same position as illustrated in FIG. 14B.
[0118] As illustrated in FIGs. 14C and 14D, continued movement of actuator 1428 1n a
direction of metering chamber 1404 causes compression members 1406, 1408 to move toward
one another along the length dimension to compress a larger portion of metering chamber 1404.
In particular, as actuator 1428 continues to push link plate 1430, link plate 1430 begins to move
in a downward direction. Compression guides 1414, 1416 also move downward since pivot
mechanism 1422 moves downward to allow compression guides 1414, 1416 to move toward
one another. As further illustrated in FIG. 14C and FIG. 14D, springs 1424 and 1426 expand to
allow the flat portions of compression members 1406, 1408 to rotale and compress metering
chamber 1404.

[0119] When the tlat portions of compression members 1406, 1408 are parallel as illustrated
in FIG. 14D, compression assembly 1400 i1s in the closed configuration. At this position,
metering chamber 1404 1s fully compressed and the desired amount of fluid 1s ejected.
Compression assembly 1400 may then be returned to the open configuration to begin another
fluid ejection cycle by releasing actuator 1428 and allowing compression members 1406, 1408
to spread apart as 1llustrated in FIG. 14A.

[0120] During compression of metering chamber 1404, the upper most compressed portion
of metering chamber 1404 (see F1G. 14B) remains compressed throughout the whole process.
In this aspect, a tluid within metering chamber 1404 is prevented from leaking into a portion of
metering chamber 1404 above the compressed regions. Since there is minimal risk that during
the ejection process fluid will leak up metering chamber 1404 and back into housing 1402, a
valve 1s not needed at an upper end of metering chamber 1404.

[0121] F1Gs. 15A-15D 1illustrate another embodiment of a side view of a compression
assembly. FIG. 15A illustrates compression assembly 1500 in an open configuration such that
it 1s not compressing metering chamber 1504. Compression assembly 1500 may include
compression members 1506, 1508 positioned along the sides of metering chamber 1504.

Metering chamber 1504 extends from fluid reservoir 1502 and allows for ejection of fluid.

Metering chamber 1504 and reservoir 1502 may be substantially the same as metering chamber
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110 and fluid reservoir 102, respectively, described in reference to FIG. 1. Although
compression assembly 1500 is described in connection with a single metering chamber such as
metering chamber 110 of FIG. 1, it is contemplated that compression assembly 1500 may be
used to compress more than one metering chamber, for example metering chambers 810, 812 as
disclosed in reference to FIG. 8.

[0122] In this embodiment, compression members 1506, 1508 may be rollers. Rollers 1506,
1508 may roll along a length dimension of metering chamber 1504 to compress metering
chamber 1504. Rollers 1506, 1508 may rotate around drive shafts 1522, 1524, respectively.
Drive shafts 1522, 1524 may be positioned within tracks 1510, 1512 formed within housing
1516. Housing 1516 may enclose compression assembly 1500. Drive shafts 1522, 1524 may
move along tracks 1510, 1512 to guide rollers 1506, 1508 along metering chamber 1504.
Tracks 1510, 1512 may be parallel to one another along a substantial portion of the length of
metering chamber 1504 and then flare out at one end. In this aspect, when drive shatts 1522,
1524 of rollers 1506, 1508 are within the flared end of tracks 1510, 1512, rollers 1522, 1524 are
farther apart and do not compress metering chamber 1504 as illustrated in FIG. 15A.

[0123] Support member 1514 may be provided to drive shafts 1506, 1508 along tracks 1510,
1512. Support member 1514 may include recessed regions 1518, 1520 which receive ends of
drive shafts 1522, 1524. Recessed regions 1518, 1520 are deep enough to allow drive shafts

1506, 1508 to move in a horizontal direction, e.g. toward or away from metering chamber 1504.
In this aspect, when support member 1514 is moved in a vertical direction to the flared ends of
tracks 1510, 1512, rollers 1506, 1508 move away from one another and are a distance apart so
as not to compress metering chamber 1504 as illustrated in FIG. 15A. As support member 1514
is moved down metering chamber 1504 (i.e. in a direction away from {luid reservoir 1502)
rollers 1506, 1508 move toward one another and compress metering chamber 1504 as illustrated

in FIGs. 15B-15D. Once the ¢jection cycle has been completed (1.e., rollers 1506, 1508 are at
the bottom of tracks 1510, 1512) support member 1514 is raised back up toward fluid reservoir
1502 such that rollers 1506, 1508 roll back up metering chamber 1504 to the open configuration

1llustrated in FIG. 15A.
[0124] FIG. 15E illustrates an end view of compression assembly 1500. From this view, it

can be seen that support member 1514 and support member 15135, which 1s 1dentical to support
member 1514, are positioned on opposite ends of drive shaft 1522. Support members 1514,
1515 guide drive shaft 1522, and in turn roller 1506, vertically along track 1510. Support
members 1514, 1515 may be connected to one another by, for example, a bar or rod between
support members 1514, 1515. In this aspect, support members 1514, 1515 move

simultaneously.
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[0125] Drive member 1526 may be connected to support member 1514 to move support

members 1514, 1515 in a vertical direction. In some embodiments, drive member 1526 may be

a rod attached to, and extending {from, support member 1514. A robotic arm or other

mechanism capable of driving movement in a vertical direction may be attached to drive
member 1526 to move drive member, and in turn drive shaft 1522 and roller 1506 vertically
along metering chamber 1504. Movement of drive member 1526 may be driven by a unit

including a cam-crank and motor.

[0126] FI1Gs. 16A-16E 1llustrate another embodiment of a compression assembly. FIG.
16A illustrates compression assembly 1600 in an open configuration such that it is not
compressing metering chamber 1604. Compression assembly 1600 may include compression
members 1606, 1608 positioned along the sides of metering chamber 1604. Metering chamber
1604 extends from fluid reservoir 1602 and allows for ejection of fluid. Nozzle 1640 may be
attached to an end of metering chamber 1604. Reservoir 1602, metering chamber 1604, and
nozzle 1640 may be substantially the same as fluid reservoir 102, metering chamber 110 and
nozzle 120, respectively, described in reference to FIG. 1B. Although compression assembly
1600 1s described in connection with a single metering chamber such as metering chamber 110
of FIG. 1B, it 1s contemplated that compression assembly 1600 may be used to compress more
than one metering chamber, for example metering chambers 810, 812 as disclosed in reference
to FIG. 8.

[0127] In this embodiment, compression members 1606, 1608 may be rollers. Rollers 1606,
1608 may be positioned around drive shafts 1622, 1624, respectively, which facilitate rotation of
rollers 1606, 1608. Drive shafts 1622, 1624 may be attached to pivot arms 1610, 1612. Pivot
arms 1610, 1612 pivot about shafts 1626, 1628, respectively, so as to drive the attached drive
shafts 1622, 1624 and in turn rollers 1606, 1608 vertically along the length of metering chamber

1604.
[0128]} Spreader 1642 may be positioned between rollers 1606, 1608 once they reach a

bottom portion of metering chamber 1604 to increase a distance between rollers 1606, 1608 as
they travel back up metering chamber 1604. If rollers 1606, 1608 are not spread apart before
traveling back up metering chamber 1604, a vacuum is created in the lower portion of metering
chamber 1604 (region between rollers 1606, 1608 and the valve). This vacuum causes air to be
sucked into metering chamber 1604. The air travels up metering chamber 1604 and into fluid
reservolr 1602. The addition of air to the fluid within reservoir 1602 could negatively affect the
fluid. For example, the addition of air to a reagent within fluid reservoir 1602 increases

oxidation of the reagent.
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[0129] Spreader 1642 includes base member 1648 positioned around metering chamber
1604 and side member 1650 extending vertically between rollers 1606, 1608. Side member
1650 has a substantially triangular shape with the widest portion positioned near base member
1648 such that a distance between rollers 1606, 1608 is increased as rollers 1606, 1608 reach an
end of metering chamber 1604. Spreader 1642 is movably positioned along rod 1644.
Representatively, side member 1650 of spreader 1642 includes a channel (not shown)
dimensioned to fit around a portion of rod 1644 and allow spreader 1642 to slide along rod
1644. Rod 1644 includes spring 1646 encircling an upper region of rod 1644, above spreader
1642 to bias spreader 1642 in a direction away from housing 1602. A second side member, rod
and spring (not shown) identical to side member 1650, rod 1644 and spring 1646 are found at an
opposite side of spreader 1642. During operation, rollers 1606, 1608 roll along metering
chamber 1604 and spreader 1642 until they reach a lower portion of metering chamber 1604.
When they reach the lowest portion of metering chamber 1604, spreader 1642 spreads rollers
1606, 1608 apart. As rollers 1606, 1608 travel back up a length of metering chamber 1604,
spreader 1642 may remain between rollers 1606, 1608 for a portion of the length to ensure that
rollers remain a sufficient distance apart as they travel back up metering chamber 1604 to the
open position. Spreader 1642 is eventually released and pushed by down toward a base of
support member 1618 by spring 1646.

[0130] Gears 1614, 1616 control movement of rollers 1606, 1608. Gears 1614, 1616 may
include complimentary teeth or cogs such that rotation of one drives rotation of the other.
Representatively, when compression assembly 1600 is in the open configuration as illustrated in
FIG. 16A, gear 1614 rotates in a counter clockwisc direction driving rotation of gear 1616 in a
clockwise direction. This in turn causes arm 1610 to pivot in the counter clockwise direction
and arm 1612 to pivot in the clockwise direction. The pivoting of arms 1610, 1612 moves '
rollers 1606, 1608 toward one another to compress metering chamber 1604 and vertically along
metering chamber 1604, in a direction away from fluid reservoir 1602. In this aspect, metering
chamber 1604 is compressed along its length and fluid within metering chamber 1604 is pushed
out an end of metering chamber. Once the ejection cycle has been completed (i.c., rollers 1606,
1608 are at the bottom of metering chamber1604) rollers 1606, 1608 may roll back up metering
chamber 1604 to the open configuration illustrated in FIG. 16A. In other embodiments, gears
continue to rotate such that rollers 1606, 1608 are drawn away from metering chamber 1604 and
around until they are back in the position illustrated in FIG. 16A.

[0131] Gears 1614, 1616 may be driven by a motorized device or other similar device
suitable for driving gears. In still further embodiments, gears 1614, 1616 may be driven

manually by the user.
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[0132] Gears 1614, 1616 and any motorized device associated therewith may be supported
by support member 1618. Support member 1618 may be any structure suitable for supporting

and coupling gears 1614, 1616 to the fluid dispensing cartridge.
[0133] In some embodiments, rollers 1606, 1608 may include spring assemblies 1630, 1632,

respectively. Spring assemblies 1630, 1632 allow rollers 1606, 1608 to be retracted as
necessary. For example, in order for rollers 1606, 1608 to compress metering chamber 1604
along 1ts length as illustrated in FIGs. 16B-16D, rollers 1606, 1608 must extend beyond arms
1610, 1612 as illustrated in FIG. 16B and 16D. When rollers 1606, 1608 meet at diametrically
opposcd sides of metering chamber 1604 as illustrated in FIG. 16C, however, they do not need
to extend as far to compress metering chamber 1604. In this aspect, spring assemblies 1630,
1632 allow for retraction of rollers 1606, 1608 when necessary.

[0134] KF1G. 16FE illustrates an end view of compression assembly 1600. From this view, it
can be seen that opposite ends of drive shaft 1622 are supported by pivot arms 1610, 1612.

Pivot arms 1610, 1612 are attached to shaft 1626 which is in turn attached to gear 1614. As gear
1614 rotates 1n either a clockwise or counterclockwise direction, gear 1614 rotates shaft 1626,
causing pivot arm 1610 to pivot and in turn roller 1606 to roll along a length of metering
chamber 1604. Roller 1608 may be controlled in a similar manner such that rollers 1606, 1608
roll along the length of metering chamber 1604 in the same direction and at the same speed.
[0135] KF1Gs. 17 and 18 1illustrate one embodiment of a fluid dispensing system. The
geometry and mechanism of fluid dispensing system 1700 is variable depending on the
operation of the fluid dispensing cartridge selected for use with system 1700. As best seen in
FI1G. 17, system 1700 optionally includes mounting assembly 1702 having a plurality of stations
1704 at which fluid dispensing cartridge 1706 may be mounted. Fluid dispensing cartridge 1706
may be substantially the same as fluid dispensing cartridge 100 described in reference to, for
example, FIG. 1A-1B and FIGs. 8-10. Stations 1704 preferably include mounting apertures
1708 tor selectively positioning a plurality of fluid dispensing cartridges 1706 adjacent to
actuator assembly 1720. A compression assembly such as one of those previously described
may be mounted to each of stations 1704 (see FIG. 19). Actuator assembly 1720 may be
aligned with a selected compression assembly to activate the compression assembly when
desired. The compression assemblies are mounted to stations 1704 such that when cartridges
1706 are positioned within apertures 1708, the metering chamber is aligned with the respective
compression assembly.

[0136] Fluid dispensing system 1700 also optionally includes receiving assembly 1710
retaining a plurality of receiving members 1712. Receiving members 1712 may be any item on

which it 1s desired to dispense fluids from cartridges 1706. Examples of suitable receiving
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members 1712 are slides, trays and mixing baths. In a preferred embodiment, receiving
members 1712 are microscope slides supported on support members. The microscope slides
may have substrates mounted thereon. Examples of suitable substrates are thin slices of tissue
samples.

[0137] Generally speaking, receiving assembly 1710 is positioned beneath mounting
assembly 1702 taking advantage of gravity to deliver fluids dispensed from cartridges 1706.
Preferably, mounting assembly 1702 and receiving assembly 1710 are movable with respect to
one another so that the plurality of cartridges 1706 can be positioned to dispense fluids on any
desired receiving member 1712. Any combination of movability of the mounting assembly
1702 and the receiving assembly 1712 may be selected. For example, both may be movable or
only one may be movable and the other stationary. Still further, mounting assembly 1702 may
be a carousel that is rotatable about a central axis so as to align the cartridges 1706 with the
desired receiving member 1712. Mounting assembly 1702 may also be linearly translatable
such that it may move from one receiving member 1712 to the next. As shown in FIG. 18,
recerving members 1712 may all be the same type of items, such as slides or alternatively may
include different types of items such as slides and containers.

[0138] In one examplc of operation of the dispensing system 1700, mounting assembly 1702
1s rotated so that individual cartridges 1706 are selectively positioned adjacent onc or both of
actuator assembly 1720. Alternatively, system 1700 may include a plurality of actuator
assemblies1720 which are positioned adjacent to each cartridge 1706 such that rotation of
mounting assembly 1702 to align each cartridge 1706 with actuator assembly 1720 is not
requircd.

[0139] Actuator assembly 1720 can be any activation device that triggers cartridge 1706 to
emit a controlled amount of fluid. Representatively, actuator assembly 1720 may include a
piston mechanism that aligns with, for example, actuator 1428 of compression assembly 1400
(see FIGs. 14A-14D). Actuator assembly 1720 includes, for example, a solenoid, that in
response to an electrical signal moves a piston. The piston may be extended to move actuator
1428 1n a direction of metering chamber 1404. As previously described in reference to FIGs.
14A-14D, such movement causes compression assembly 1400 to squeeze metering chamber
1404 and ejection of a fluid from metering chamber 1404. Actuator assembly 1720 may be
controlled by a processor or controller (as shown) that operates the fluid dispensing system.
[0140] Mounting assembly 1702 may be both translated and rotated with respect to
receiving assembly 1710 so that an individual cartridge 1706 can be selectively positioned

above any receiving member 1712. Once cartridge 1706 is positioned above one of receiving
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members 1712, actuator assembly 1720 triggers cartridge 1706 to emit a controlled amount of

fluid onto receiving member 1712.

[0141] As seen in FIGs. 17 and 18, in one embodiment mounting assembly 1702 1s
rotatably attached to support member 1722 such that cartridges 1706 can be rotated with respect
to actuator assembly 1720. Actuator assembly 1720 1s fixedly attached to support member
1722, optionally beneath mounting assembly 1702. Preferably, support member 1722 can be
translated horizontally such that the cartridges 1706 can be both rotated and translated with
respect to the receiving members 1712. In this manner, a chosen cartridge 1706 can be
selectively positioned above any receiving member 1712.

[0142] Although recerving members 1712 are shown linearly positioned within receiving
assembly 1710, it is further contemplated that receiving members 1712 may be divided into two
or more rows. In this aspect, actuator assembly 1720 may optionally include two or more
acluators, for example, two actuators 1714, 1716 used to dispense fluid onto two rows of
receiving members. In operation, actuator 1714 is adapted to dispense fluids onto receiving
members 1712 1n one row and actuator 1716 1s adapted to dispense fluids onto receiving
members 1712 1n another row. It 1s further contemplated that any number of actuators and/or
receiving members can be employed without departing from the scope of the present invention.
[0143] As shown 1n FIG. 18, system 1800 optionally includes supply containers 1802, drain
containers 1804 and valves 1806. Supply containers 1802 can be used to hold liquids such as
water for rinsing receiving members 1712. Valves 1806 preferably include switches for
directing the tlow of liquids when rinsing receiving members 1712. In addition, valves 1806 are
used to direct the flow of liquids into drain containers 1804 after the liquids have been used to
rinse receiving members 1712.

[0144] As 1llustrated in the exploded view of cartridge 1706 and station 1704, cartridge
1706 (including the metering chamber(s)) is removably positioned within station 1704. Station
1704 including a compression assembly mounted thereto is fixedly mounted to support member
1722. In this aspect, once cartridge 1706 1s empty, cartridge 1706 and its associated metering
chamber(s) 1s removed from station 1704 while the compression assembly remains mounted to
the dispensing system at station 1704. A replacement cartridge and metering chamber(s) may
then be placed in station 1704. In other embodiments, the compression assembly may be
mounted to cartridge 1706. In this aspect, each of cartridges 1706 includes a compression
assembly and removal of cartridge 1706 also removes the compression assembly.

[0145] Turning now to the structure of cartridges 1706, in some embodiments, a horizontal
cross-sectional shape of the cartridges 1706 lacks symmetry. In this way, mounting aperture

1708 in mounting assembly 1702 is similarly shaped requiring insertion to be in a particular
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desired orientation. For example, a substantially trapezoidal shape may be selected promoting
the desired placement orientations. FIG. 19 shows an example of cartridges 1706 having a

substantially trapezoidal cross-section. In this aspect, cartridges 1706 are adapted to fit within
substantially trapezoidal mounting apertures 1708 (as shown in FIG. 17). In other
embodiments, the mounting apertures 1708 and cartridges 1706 are other similarly oriented
shapes that lack symmetry. Alternatively, cartridges 1706 and mounting apertures 1708 may
have any shape or dimension suitable for positioning cartridges 1706 within stations 1704 and
dispensing a fluid onto the underlying samples.

[0146] Optionally a mounting mechanism can be utilized to releasably attach cartridge 1706
within a corresponding mounting aperture 1708 of mounting assembly 1702. In one example, as
shown in FIG. 19, a ball detent seat 1908 is provided on an exterior surface of the housing of
cartridge 1902. As seen in FIG. 17, corresponding balls 1718, optionally spring loaded, may be
situated on mounting assembly 1702 adjacent each mounting aperture 1708. Before insertion
into mounting aperture 1708, cartridge 1902 must be properly aligned such that the trapezoidal
shape of cartridge 1902 is in vertical alignment with the corresponding trapezoidal mounting
aperture 1708. For proper insertion, cartridge 1902 must be pushed downward with sufficient
force so that ball 1718 slides into position within seat 1908.

[0147] FIG. 19 illustrates a perspective view of onc embodiment of a fluid dispensing
system. Fluid dispensing system 1900 generally includes fluid dispensing cartridge 1902 and
compression assembly 1906 mounted to mounting assembly 1904. Fluid dispensing cartridge
1902 may be substantially the same as cartridge 100 described in reference to FIG. 1B.
Compression assembly 1906 may be substantially the same as compression assembly 1400
described in reference to FI1Gs. 14A-14D. It is further contemplated that compression assembly
1906 may be the same as any of the other compresston assemblies described herein. Mounting
assembly 1904 may be substantially the same as mounting assembly 1702 described in reference
to FIG. 17. Although fluid dispensing cartridge 1902 and compression assembly 1906 are
shown mounted to mounting assembly 1904, it is contemplated that other components used for
processing of samples within an underlying receiving member may further be mounted to
mounting assembly 1904.

[0148] As previously discussed in reference to FIGs. 17-18, fluid dispensing cartridge 1902
1S positioned within a station along an upper surface of mounting assembly 1702. Openings
1910 are formed through mounting assembly 1702 beneath each station. A metering chamber
(not shown) of fluid dispensing cartridge 1902 1s inserted through a corresponding opening
1910. Compression assembly 1906 1s mounted below the mounting station, on a side of

mounting assembly 1702 opposite the mounting station. The metering chamber extending
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through opening 1910 of mounting assembly 1702 is positioned within compression assembly
1906. Nozzle 1920 of the metering chamber extends out a bottom of compression assembly
1906. Actuator 1912 of compression assembly 1906 is facing a center of mounting assembly

1904 such that an oppositely facing actuator assembly (see actuator assembly 1720 of FIGs. 17-
18) is aligned with actuator 1912. '

[0149] With reference to FIG. 20, actuator assembly 1720 is preferably activated using
controller 2002 including switches 2004. Optionally controller 2002 is a programmable
computer having a wireless communication link 2006 with actuator assembly 1720. Controller
2002 includes, for example, machine readable media that when executed, causes the operation
of actuator assembly 1720. Alternatively, controller 2002 is anything that causes actuator
assembly 1720 to be activated and may include a wire communication link and/or a wireless
communication link. Once activated, actuator assembly 1720 may utilize magnetic link 2008 to
‘cause fluid dispenser 1706 to dispense fluid onto a receiving member 1712.

[0150] [t should also be appreciated that reference throughout this specification to "one
embodiment", "an embodiment", or “one or more embodiments”, for example, means that a
particular feature may be included in the practice of the invention. Similarly, it should be
appreciated that in the description various features are sometimes grouped together in a single
embodiment, Figure, or description thereof for the purpose of streamlining the disclosure and
aiding in the understanding of various inventive aspects. This method of disclosure, however, 1s
not to be interpreted as reflecting an intention that the invention requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive aspects may
lie in less than all features of a single disclosed embodiment. Thus, the claims following the

Detailed Description are hereby expressly incorporated into this Detailed Description, with each

claim standing on its own as a separate embodiment.

[0151] In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes can be made thereto without departing from the broader spirit and scope of the
invention as set forth in the appended claims. The specification and drawings are, accordingly,

to be regarded in an illustrative rather than a restrictive sense.
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CLAIMS:

1. An apparatus comprising:

a fluid reservour;

a compressible metering chamber comprising a first end coupled to the fluid
reservolr and a second end, the first end comprising an unopposed fluid conduit for passage of

a fluid between the fluid reservoir and the metering chamber;

a valve coupled to the second end of the metering chamber; and

a nozzle coupled to the valve, wherein the nozzle defines a valve reservoir
connected to a fluid outlet channel, and wherein the valve 1s positioned within the valve

reservoir and an opening or closing of the valve controls a bidirectional fluid flow through the

fluid outlet channel.

2. The apparatus of claim 1 wherein the fluid reservoir comprises a housing defining a

chamber and an expandable bladder positioned within the chamber.

3. The apparatus of claim 2 wherein the expandable bladder comprises a quadrilateral

cross section in the expanded configuration.

4, The apparatus of claim 2 wherein the expandable bladder comprises at least one
pleat.
5. The apparatus of claim 1 wherein the unopposed fluid conduit is defined by a

connector inserted within the first end of the metering chamber and the fluid passes through

the fluid conduit directly to the metering chamber.

6. The apparatus of claim 1 wherein the valve 1s the only valve coupled to the

metering chamber.

7. The apparatus of claim 1 wherein the valve 1s a liquid retention valve.
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8. The apparatus of claim 1 wherein the valve comprises flaps that open in response to

compression of the metering chamber.

9. The apparatus of claim 1 wherein the valve comprises an opening having a single

slit, Y or cross shaped dimension.

10. The apparatus of claim 1 wherein the metering chamber is a first metering chamber

and a second metering chamber 1s coupled to the fluid reservour.

11. The apparatus of claim 10 wherein the valve is a first valve coupled to the first

metering chamber and a second valve is coupled to the second metering chamber.

12. The apparatus of claim 10 wherein the nozzle 1s a first nozzle coupled to the first

metering chamber and a second nozzle 1s coupled to the second metering chamber.

13. The apparatus of claim 12 wherein the fluid outlet channel of the first nozzle is a
first channel and the second nozzle comprises a second channel, the first channel directs a

fluid flowing from the first nozzle toward a fluid flowing from the second nozzle.

14. A system comprising:

a linearly translatable cartridge mounting assembly having a plurality of fluid

dispensing cartridge mounting stations;

a plurality of fluid dispensing cartridges mounted to respective fluid dispensing
cartridge mounting stations, €ach of the plurality of tluid dispensing cartridges comprising a
fluid reservoir coupled to a compressible metering chamber and a valve coupled to the

compressible metering chamber;

a plurality of compression assemblies coupled to respective fluid dispensing
cartridges for compressing the compressible metering chamber to eject a fluid there from, and
wherein each of the plurality of compression assemblies comprise at least one compression
member that moves along a length dimension of the metering chamber to compress adjacent

regions along the length dimension during fluid ejection; and
32
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a recelving assembly positioned beneath the mounting assembly, the receiving
assembly comprising a plurality of receiving member positions for supporting a sample

holding member.

15. The system of claim 14 wherein the cartridge mounting assembly 1s rotatable.

16. The system of claim 14 wherein the fluid reservoir comprises a housing defining a

chamber and an expandable bladder positioned within the chamber.

17. The system of claim 14 wherein the valve comprises flaps that open in response to

compression of the metering chamber.

18. The system of claim 14 wherein the valve comprises an opening having a single

slit, Y or cross shaped dimension.

19. The system of claim 14 wherein the metering chamber 1s a first metering chamber

and a second metering chamber 1s coupled to the fluid reservoir.

20. The system of claim 14 wherein the valve 1s a first valve coupled to the first

metering chamber and a second valve 1s coupled to the second metering chamber.

21. The system of claim 14 further comprising a nozzle coupled to the metering
chamber.
22. The system of claim 14 wherein each of the compression assemblies comprise a

first compression member and a second compression member, and the first compression
member and the second compression member move along the length dimension of the
metering chamber to compress adjacent regions along the length dimension of the metering

chamber.

23. The system of claim 14 wherein the compression assemblies are fixedly mounted to

the fluid dispensing cartridge mounting stations.
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24. A method comprising:

positioning a fluid dispensing cartridge comprising a fluid reservoir and a metering

chamber over a sample retaining member;

applying a compressive force to the metering chamber along a length dimension of
opposing sides of the fluid dispensing cartridge to eject a predetermined amount of fluid from

the metering chamber onto the sample retaining member; and
removing the compressive force to refill the metering chamber.

25. The method of claim 24 wherein once the fluid is ejected onto the sample retaining

member, the fluid dispensing cartridge is positioned over another sample retaining member.
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