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(57) Abstract: The invention relates generally to the field of automated collection and deposition of fluid, semi-solid, and solid
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arrays. Other aspects of the invention relate to fluidics robots, which are devices for the autonomous collection, dispensing and
processing of biological or chemical fluid samples. The invention improves the throughput of microarrayers, tissue arrayers, and
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APPARATUS AND METHOD FOR DISPENSING FLUID, SEMI-SOLID AND SOLID
SAMPLES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application incorporates by reference in its entirety and claims priority to U.S.
Provisional Patent Application Serial No. 60/514,285, entitled “Microarrayer,” filed on October
24,2003.
FIELD OF THE INVENTION
[0002] The present invention relates generally to the field of automated collection and deposition
of huid, semi-solid, and solid‘ samples of biological or chemical materials, for example, using a
microarrayer.
BACKGROUND
[0003] The ability to produce arrays of fluid or tissue samples is of great value for increasing the
rate at which chemical or biological studies may be performed, and the use of such arrays has
been widely adopted in the genomics research, biological research and drug-discovery industries.
[0004] Microarrayers are automated instruments used to deposit or spot minute amounts of
chemical or biological substances, such as DNA, RNA, cDNA, polynucleotides,
oligonucleotides, and proteins in a dense array of minute fluid droplets on a substrate, such as a
glass slide. The general purpose of fabricating microarrays is to permit massively parallel
investigation of chemical or biological aétivity. The microarray format allows hundreds,
thousands, tens of thousands or hundreds of thousands of assays to be performed in paréllel,
enabling ekperiments and investigaﬁons that would have previously taken years, to be performed

in a matter of days.
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[0005] Therefore, the ability to produce spotted microarrays in large quantity, rapidly, at
reasonable cost, and with uniform and consistent deposition properties, such as spot size, shape
and density, has significant industrial and economic importance.

SUMMARY
[0006] Several microarray spotting techniques have been developed in recent years to
automatically deposit droplets of chemical and biological substances, in a liquid state, onto solid
substrates. As used in this disclosure, the term “drop” or “droplet” refers to a very small quantity
of fluid, and not to any pérticular shape of the fluid volume. The deposit elements used to spot a
fluid on a substrate includes ink-jets, pens, quill pins, and solid pins. In each spotting technique,
a deposition element acquires fluid from a fluid reservoir and spots the droplets in the desired
position on the substrate.
[0007] The simplest, and perhaps most robust printing method uses solid pins. Significant
advantages of solid pins are their simplicity and reliability, ease of cleaning and their relative
lack of sensitivity to the sample fluid viscosity. An additional benefit of the use of solid pins is
minimal sample fluid wastage. Since only a single droplet is captured by the pin, little or no
sample fluid is lost at the cessation of printing with that sample. Disadvantages of spotting with
solid pins include variations in spot size and intensity. We have determined that these variations
result from differences in the evaporation of the fluids being carried by the pins. These
differences result from the different times of exposure to the air of the fluid droplets for different
deposition paths. The exposure time differences are significant considering the fluid volumes
carried by such solid deposition pins are in the picoliter to nanoliter range. Therefore, a need
exists to eliminate these variations, for example, by providing equal exposure time to fluid
droplets held by the deposit element as the deposit element travels from the well plate to the
substrate. Another disadvantage of existing solid-pin microarrayers is their lower spot

deposition rates compared to quill pins, pens and ink-jets because of the requirement for the solid
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deposition pin to reacquire fluid from a fluid reservoir after every deposition. A need exists,
therefore, for increasing the deposition rate of solid-pin microarrayers.

[0008] Existing microarrayers have used several motion architectures (the term “architecture”
being used herein to describe the general design of the assembly and its fluid capture and fluid-
droplet deposition operations).

[0009] Current microarrayer architectures are often inefficient, lack flexibility, have limited
throughput, and/or produce microarrays that have a lack of uniformity in the deposition of the
fluid droplets. For example, we have determined that variability in the thickness of the
substrates which are loaded into the system creates uncertainty in the height of the surface upon
which the fluid droplets are deposited and causes undesirable variations in droplet deposition
from substrate to substrate. The uncertainty in the height of the fluid deposition surface is of
particular concern for non-contact printing with quill pins, solid pins, and pens, since it is desired
to accurately touch only the droplets of fluid on the tip of the device upon the substrate, and not
the tip itself, to prevent potential damage to delicate substrate surfaces. Traditional
microarrayers do not include means for compensating for the lack of uniformity in substrate
thicknesses.

[0010] Another disadvantage of current microarrayers is that the substrates and well plates need
to be manually positioned inside the microarrayer. In addition to being time consuming, which
decreases throughput, this process leads to errors resulting from frequent human access to the
deposition area. Moreover, traditional microarrayers do not include means for loading the
substrates and the well plates into the system in an accurate, repeatable manner. We have
determined that this hinders the accurate deposition of fluid samples on the substrates.

[0011] Therefore, a need exists to improve the apparatuses and procedures used for loading

substrates into, and unloading substrates from, a microarrayer. A need also exists to provide a
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microarrayer that can accommodate substrates having variable thicknesses while minimizing
undesirable variations in droplet deposition from substrate to substrate.

[0012] In another aspect, the invention also relates to the more general field of dispensing
samples in array formats. Tissue arrays, which are arrays of thin slices of tissue cores, are
typically formed in a multi-step process. Typically a piece of biological tissue is formalin-fixed
and embedded in a paraffin block, known as the donor block. Small cores of the semi-solid
paraffin-embedded tissue (typically about 0.5 millimeters to a few millimeters in diameter) are
then removed from the donor bldck /with a tubular cutting device and deposited in an ordered
array within matching, vertically-oriented cylindrical recesses in a receiving paraffin block. The
receiving paraffin blocks are then thinly sliced in the hbrizontal plane and the slices are
transferred to supporting substrates. The slices of the receiving paraffin block forming the arrays
are typically less than 10 microns thick. The receiving paraffin block can therefore produce
many copies of the array of core samples, which is of great value and importance for parallel

1

biological experimentation. Tens, hundreds, or thousands of tissue samples can be placed on a

‘tissue array. The solid cores from frozen tissue can be deposited in a similar manner to that

described for formalin-fixed semi-solid tissue arrays.

[0013] Currently, tissue arrays are most typically produced by manual means, aided in some
instances by un-powered, passive, mechanical stages to align the elements of the array deposited
into the receiving paraffin block. Many hours and much manual labor are required to produce a
tissue array of a few hundred elements. The present limitations in flexibility, speed, and

accuracy are significant impediments to the adoption of this important technology.

7 [0014] A further limitation of current tissue arrayers is that paraffin-block mounting

arrangements have been bottom-referenced, i.e. the block is mounted such that its bottom surface
rests upon a reference plane; however, core-formation and core deposition occurs at the top

surface. Paraffin blocks are not typically cast to precise dimensional tolerances. Since they are
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bottom referenced in current systems, uncertainty and variability exists in the location of the top
surface of the block where tissue cores are deposited. We have determined that this can lead to
inconsistent and inaccurate removal of tissue cores from donor blocks and inconsistent and
inaccurate core-placement in receiver blocks.

[0015] Therefore, a need exists to improve the apparatuses and procedures used for loading and
unloading donor blocks and receiver blocks into and out of a tissue arrayer. A need also exists to
provide a tissue arrayer that can accommodate donor blocks and receiver blocks that vary in
height to achieve more consistent and accurate removal of tissue cores from donor blocks and
more consistent and accurate core-placement in receiver blocks. A need also' exists to improve
the speed of creating tissue arrays using an automated process.

[0016] A further dispensing application covered by the present invention relates to the field of
fluidics handling systems, the devices that perform these tasks commonly known as fluidics
robots. Generally, fluidics handling systems are used to transfer fluids between a fluid source |
reservoir and a fluid target reservoir. In addition, assays can be automatically prepared and
processed, including, in some instances, operations such as mixing, filtering, heating and
cooling. In some prior-art applications, centrifugation and polymerase chain reaction steps are
also provided. Fluidics handling systems play a significant role within the life science industry
for automating fluid dispensing, fluid transfers, assay preparation, and assay processing.

[0017] One disadvantage of prior art fluidic robots is that reconfiguration of existing machines to
accommodate different numbers, sizes, or styles of reservoirs or other elements requires manual
re-configuration of the mounting provisions on a fixed platen. This results in limited flexibility
of existing designs and significant time lost to the manual re-configuration. Therefore, a need
exists to improve the apparatuses and methods for reconfiguring a fluidic robot to handle

different numbers, sizes, or styles of source reservoirs and target reservoirs.
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[0018] In one aspect the invention relates to a method of depositing at least two minute droplets
of fluid on a substrate. The method includes the steps of supplying a first fluid to a deposit
element by dipping the deposit element into the first fluid in a fluid reservoir, moving at least
one of the deposit element and the substrate relatively to deposit a droplet of the first fluid at a
first location on the substrate, supplying a second fluid to the deposit element by dipping the
deposit element into the second fluid in the fluid reservoir and moving at least one of the deposit
element and the substrate relatively to deposit a droplet of the second fluid at a second location
on the substrate. A volume of the first fluid carried by the deposit element and a volume of the
second fluid carried by the deposit element are exposed to a surrounding atmosphere for
substantially a same amount of time between their respective extractions from the fluid reservoir
and their respective depositions on the substrate by controlling at least one of speed and timing
of relative motion between the deposit element and the substrate. In one embodiment, the first
fluid and the second fluid are obtained from a substantially same location in the fluid reservoir.
[0019] In another aspect, the invention relates to a method of repeatedly depositing minute
droplets of fluid on a substrate. The method includes capturing fluid on a deposit element and
moving at least one of the deposit element and a substrate relatively to deposit the fluid on the
substrate such that each deposition occurs at a same determinable time after capturing the fluid
on the deposit element. The time is determinable by at least one of adjusting relative-motion
velocity of the deposit element and the substrate and introducing a motion delay to one of the
deposit element and the substrate.

[0020] In another aspect, the invention relates to a tissue arrayer. The tissue arrayer includes a
coring head for extracting a core sample from a donor block and depositing the core sample in a
receiving block. The tissue arrayer also includes a removable block-holder for holding at least

one of the donor block and the receiving block, the removable block-holder including an
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apparatus for precisely and repéatably positioning the removable block-holder on a block-holder
support.

[0021] In one embodiment, the block-holder support includes a first datum for engaging the
removable block-holder and for restricting movement of the removable block-holder along an x-
axis and a mutually orthogonal y-axis, and defining a first point in a z-axis, the z-axis mutually
orthogonal to the x-axis and the y-axis, a second datum for engaging the removable block-holder
and for at least partially locating the removable block-holder along at least one of the x-axis and
the y-axis and defining a second point in the z-axis, and a third datum for engaging the
removable block-holder and defining a third point in the z-axis. In one embodiment, the first
datum includes at least a portion of a sphere for engaging a conical recess formed in the
removable block-holder. In another embodiment, the second datum is engageable with a linear
recess formed in the removable block-holder.

[0022] In another embodiment in accordance with the invention, the apparatus for precisely and
repeatably positioning the removable block-holder on the block-holder support includes a first
element for mating with a first datum, and for restricting movement of the removable block-
holder alohg an x-axis and a mutually orthogonal y-axis and defining a first point in a z-axis, the
z-axis mutually orthogonal to the x-axis and the y-axis. The apparatus also includes a second
element for mating with a second datum, and for at least partially locating the removable block-
holder along at least one of the x-axis and the y-axis while defining a second point in the z-axis
and a third element for mating with a third datum and defining a third point in the z-axis. The
first element may include a conical recess for mating with the first datum. In another
embodiment, at least two of the elements are adjustable along the z-axis.

[0023] In another embodiment, the removable block-holder includes a top surface and a bottom
surface spaced/ﬁ'om the top surface, an aperture extending at least partially between the top

surface and the bottom surface, an intersection of the aperture and the top surface defining a
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perimeter, and at least three reference points proximate the perimeter and defining a reference
plane, the reference points for engaging a top surface of at least one of the donor block and the
receiving block when at least one of the donor block and the receiving block is disposed in the
aperture. In one embodiment, the removable block-holder includes reference surfaces for
engaging and precisely locating a top surface of at least one of the donor block and the receiving
block in a known plane with respect to the removable block-holder. In another embodiment, the
removable block-holder further includes a removable block-mounting fixture onto which at least
one of the donor block and the receiving block is mountable. The removable block-mounting
fixture includes a locking element for securing the removable block-mounting fixture in the
removable block-holder and for biasing the top surface of at least one of the donor block and the
receiving block against the at least three reference points.

[0024] The tissue arrayer can als;) include a storage for storing at least one removable block-
holder and means for transferring at least one removable block-holder between the storage and
the block-holder support. In another embodiment, the removable block-holder support includes
a donor block-holder support and a receiver block-holder support and the donor block-holder
support and the receiver-block holder support are each constrained to move within a plane
substantially perpendicular to the coring head when disposed beneath the coring head. In
another émbodiment, the plane of motion of the donor block-holder is displaced from a plane of
motion of the receiver-block holder. In a further adaptation, the tissue arrayer includes é core
filling head for depositing material into a void created in the donor block by the coring head.
[0025] In another embodiment, at least one of the donor block, the receiver block, the donor
block-holder support and the receiver block-holder support, include a tracking device. The
tracking device includes at least one of a barcode, a radio-frequency identification (RFID)
transponder programmed with a unique code readable by an RFID interrogator by non-contact

means, and a semi-conductor memory device programmed with a unique code. The semi-
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conductor memory device is readable by at least one of an electric sensor, and an external sensor
that is in communication with the semi-conductor memory device through at least one of optical,
infra-red, and radio-frequency communication. In yet another embodiment, the tissue arrayer
includes means for locally storing and updating information on at least one of the donor block,
the receiver block, the donor block-holder support and the receiver block-holder support. The
means includes at least one of a radio-frequency identification (RFID) transponder that is
dynamically programmable onto at least one of the donor block, the receiver block, the donor
block-holder support and the receiver block-holder support, the transponder readable by an RFID
interrogator by non-contact means, and a semi-conductor memory device. The sémi-conductor
memory device is dynamically programmable onto at least one of the donor block, the receiver
block, the donor block-holder support and the receiver block-holder support. The semi-
conductor memory device is also readable by at least one of electrical contact and an external
sensor that is in communication with the semi-conductor memory device through at least one of
optical, infra-red, and radio-frequency communication.

[0026] In another embodiment, overall removable block-holder and block-holder support system
position accuracy is within + 0.02" in x, y, and z-axes. In a preferred embodiment, overall
removable block-holder and block-holder support system position accuracy is within + 0.002" in
a z-axis and within = 0.01" in x and y axes. In a more preferred embodiment, overall removable
block-holder and block-holder support system position accuracy is within + 0.0002" in a z-axis
and within + 0.001" in x and y axes.

[0027] In another aspect, the invention relates to a method of extracting tissue core samples from 7
a donor block and depositing the core samples in a receiver block. The method includes the
steps of providing a donor block including a tissue sample to be cored and providing a coring

head for extracting a tissue core from the donor block. The method also includes obtaining an
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image of a surface of the donor block to be cored by the coring head and selecting and recording
positional information of a coring location from the obtained image. The method also includes
initiating autonomous tissue core sampling at the coring location using the selected and recorded
positional information.

[0028] In another aspect the invention relates to a receiver block containing the extracted core
tissue samples in accordance with the method just described.

[0029] In one emfoodiment, the method includes the step of providing a receiving block and
depositing the extracted tissue core into the receiving block. The method can also include the
step of filling a void created in the donor block created by the tissue core sampling with a filling
material. The step of obtaining an image of the surface of the donor block can further include
providing a high resolution camera at a known position from the coring head and providing a
high resolution video display to display the image of the donor block. As a further step, the
method may include providing at least one positional reference in a field of view of the camera
for establishing an offset distance of the camera to the coring head and to correct non-linearities
in the displayed image of the donor block.

[0030] In another embodiment, the method includes the step of mounting at least one of the
donor block and the receiving block on a removable holder, the removable holder including an
apparatus for precisely and repeatably positioning the removable holder on a block-holder
support.

[0031] In another aspect, the invention relates to a fluidics handling system for transferring a

fluid from a fluid-source reservoir to a fluid-target reservoir. The fluidics handling system

~ includes at least one dispensing head and a removable holder for holding at least one of a

removable fluid-source reservoir and a removable fluid target reservoir, the removable holder
including an apparatus for precisely and repeatably positioning the removable holder on a

holder-support.
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[0032] In one embodiment, the holder-support includes a first datum for engaging the removable
holder and for restricting movement of the removable holder along an x-axis and a mutually
orthogonal y-axis, and defining a first point in a z-axis, the z-axis mutually orthogonal to the x-
axis and the y-axis. The holder-support also includes a second datum for engaging the
removable holder and for at least partially locating the removable holder along at least one of the
x-axis and the y-axis and defining a s}econd point in the z-axis. A third datum is also included in
the holder-support for engaging the removable holder and defining a third point in the z-axis. In
one embodiment, the first datum includes at least a portion of a sphere for engaging a conical
recess formed in the removable holder. In another embodiment, the second datum is engageable
with a linear recess formed in the removable holder.

[0033] In another embodiment, the apparatus for repeatably positioning the removable holder on
the holder-support further includes a first element for mating with a first datum, and for
restricting movement of the removable holder along an x-axis and a mutually orthogonal y-axis
and defining a first point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis.
The apparatus also includes a second element for mating with a second datum, and for at least
partially locating the removable holder along at least one of the x-axis and the y-axis while
defining a second point in the z-axis. A third element is also included in the apparatus for
mating with a third datum and defining a third point in the z-axis. The first element may include
a conical recess for mating with the first datum. In one embodiment, at least two of the three
elements are adjustable along the z-axis.

[0034] The fluidics h;mdling system may also include a storage for storing removable holders.
In addition, means for transferring the removable holder between the storage and the holder
support may be included. In one embodiment, the removable holder is moved from the storage

to the holder-support by moving the removable holder in a vertical direction within the holder
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storage to dispose the removable holder onto the holder-support and moving the holder support
in a horizontal direction to retract the holder support from the storage.

[0035] In another embodiment, the dispensing head includes a plurality of dispensing elements,
the dispensing elements moveable along at least one of an x-axis and a mutually orthogonal y-
axis relative to each other to alter the distance between tips of the dispensing elements. In yet
another embodiment, the dispensing head is constrained to move along a single axis. fhe
removable holder may be constrained to move within a plane perpendicular to the single axis.
[0036] In another embodiment, the removable holder includes a removable source-holder for
holding the fluid-source reservoir, and a removable target-holder for holding the fluid-target
reservoir. The removable fluid source-holder and the removable target-holder are independently
movable in any direction within separate planes separated by a distance along the single axis.
[0037] The fluidics handling system can also include at least one removable pipette-tip holder
for holding pipette tips. The pipette-tip holder can include an apparatus for precisely and
repeatably positioning the pipette-tip holder on a pipette-tip holder support, the pipette-tip holder
movable in a plane that is perpendicular to the single axis and displaced from the planes of
motion of the removable fluid source-holder and the removable target-holder.

[0038] In another embodiment, at least one of the fluid-source reservoir, the fluid-target
reservoir, and the removable holder include a tracking device. The tracking device includes at
least one of a barcode, a radio-frequency identification (RFID) transponder programmed with a
unique code readable by an RFID interrogator by non-contact means, and a semi-conductor
memory device programmed with a unique code. The unique code is readable by at least one of
an electric sensor and an external sensor that is in communication with the semi-conductor
memory device through at least one of optical, infra-red, and radio-frequency communication.
In a further embodiment, the fluidics handling system includes a means for locally storing and

updating information on at least one of the fluid-source reservoir, the fluid-target reservoir, and
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the removable holder. The means includes at least one of a barcode; a radio-frequency
identification (RF ID) transponder that is dynamically programmable onto the at least one of the
fluid-source reservoir, the fluid-target reservoir, and the removable holder, the transponder
readable by an RFID interrogator by non-contact means; and a semi-conductor memory device
that is dynamically programmable onto the at least one of the fluid-source reservoir, the fluid-
target reservoir, and the removable holder, the semi-conductor memory device readable by at
least one of electrical contact and an external sensor that is in communication with the semi-
conductor memory device through at least one of optical, infra-red, and radio-frequency
communication.

[0039] In one embodiment, overall removable holder and holder-support system position
accuracy is within £ 0.02" in x, y, and z-axes. In a preferred embodiment, overall removable
holder and holder-support system position accuracy is within + 0.002" in a z-axi\s and within +
0.01"inx and y axes: In a more preferred embodiment, overall removaytble holder and holder-
support system position accuracy is within = 0.0002" in a z-axis and within £ 0.001" in the x
and y axes.

[0040] In another aspect, the invention relates to a method of transferring fluid from a source
reservoir to a target reservoir. The method includes providing a dispensing head for aspirating
and dispensing fluids, the dispensing head constrained to move along a single axis. The method
also includes providing a fluid-source holder for holding a source-reservoir, the fluid-source
holder constrained to move in a plane substantially perpendicular to the single axis, the fluid-
source holder including an apparatus for repeatably positioning the fluid-source holder on a
fluid-source holder support. In addition the method includes the step of providing a fluid-target
holder for holding a fluid-target reservoir, the fluid-target holder constrained to move in a plane
substantially perpendicular to the single axis, a plane of motion of the fluid-target holder

displaced from a plane of motion of the fluid-source holder, the fluid-target holder including an
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apparatus for repeatably positioning the fluid-target holder on a fluid-target holder support. The
steps of moving the fluid-source holder to position the source-reservoir beneath the dispensing
head, lowering the dispensing head and aspirating fluid from the source-reservoir, raising the
dispensing head, moving the fluid-target holder to position the fluid-target reservoir beneath the
dispensing head, lowering the dispensing head and dispensing the fluid into the fluid-target
reservoir are also included in the method.

[0041] In another aspect, the invention relates to a microarrayer assembly for depositing minute
droplets of fluid on a substrate. The microarrayer includes a deposit element for depositing
minute dropletsyof fluid onto a surface of a substrate and a removable substrate-holder for
holding at least one substrate, the substrate-holder including an apparatus for precisely and
repeatably posit'ioning the substrate-holder on a substrate-holder support.

[0042] In one embodiment, the apparatus for precisely and repeatably positioning the substrate-
holder on the substrate-holder support includes a first element for mating with a first datum
disposed on the substrate-holder support, and for restricting movement of the removable
substrate-holder along an x-axis and a mutually orthogonal y-axis and defining a first point in a
z-axis, the z-axis mutually orthogonal to the x-axis and the y—axig. The apparatus also includes a
second element for mating with a second datum disposed on the substrate-holder support, and for
at least partially locating the removable substrate-holder along at least one of the x-axis and the
y-axis while defining a second point in the z-axis. A third element is also included in the
apparatus for mating with a third datum disposed on the substrate-holder support and defining a
third point in the z-axis. In one embodiment, the first element forms a conical recess for mating
with the first datum. In‘another embodiment, at least two of the elements are adjustable along
the z-axis.

[0043] In one embodiment, the substrate-holder support further includes a datum plane defined

by at least three datums including a first datum for engaging the substrate-holder and for
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restricting movement of the substrate-holder along an x-axis and a mutually orthogonal y-axis,
and defining a first point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis.
A second datum is also included for engaging the substrate-holder and for at least partially
locating the substrate-holder along at least one of the x-axis and the y-axis and defining a second
point in the z-axis. The third datum is provided for engaging the substrate-holder and for
defining a third point in the z-axis. In one embodiment, the first datum includes at least a portion
of a sphere for engaging a conical recess formed in the substrate-holder. In another embodiment
the second datum is engageable with a linear recess formed in the substrate-holder.

[0044] The microarrayer assembly in other embodiments includes a removable fluid-reservoir
for holding at least one fluid, the removable fluid-reservoir including an apparatus for repeatably
positioning the removable fluid-reservoir on a fluid-reservoir holder support. In one
embodiment, the microarrayer assembly also includes a removable fluid-reservoir holder for
holding the removable fluid-reservoir, the fluid-reservoir holder including an apparatus for
precisely and repeatably positioning the removable fluid-reservoir holder on the fluid-reservoir
holder support. In one embodiment, the fluid-reservoir holder support moves in unison with the
substrate-holder support.

[0045] In one embodiment, the apparatus for repeatably positioning the removable fluid-
reservoir holder on the fluid-reservoir holder support includes a first elerﬁent for mating with a
first datum disposed on the fluid-reservoir holder support, and for restricting movement of the
removable fluid-reservoir holder along an x-axis and a mutually orthogonal y-axis and defining a
first point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis. The apparatus
also includes a second element for mating with a second datum disposed on the fluid-reservoir
holder support, and for at least partially locating the removable fluid-reservoir holder along at
least one of the x-axis and the y-axis while defining a second point in the z-axis. A third element

is also included in the apparatus for mating with a third datum disposed on the fluid-reservoir
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holder support and defining a third point in the z-axis. In one embodiment, the first element
forms a conical recess for mating with the first datum. In another embodiment, at least two of
elements are adjustable along the z-axis.

[0046] In yet another embodiment in accordance with the invention, the fluid-reservoir holder
support includes a first datum for engaging the removable fluid-reservoir and for restricting
movement of the removable fluid-reservoir along an x-axis and a mutually ortho gonal y-axis,
and defining a first point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis.
A second datum is also included for engaging the removable fluid-reservoir and for at least
partially locating the removable fluid-reservoir along at leas(t one of the x-axis and the y-axis and
defining a second point in the z-axis. The fluid-reservoir holder also includes a third datum for
engaging the removable fluid-reservoir and defining a third point in the z-axis. In one
embodiment, the first datum includes at least a portion of a sphere for engaging a conical recess
disposed on the removable fluid-reservoir. In yet another embodiment, the second datum is
engageable with a linear recess disposed on the removable fluid-reservoir.

[0047] The microarrayer assembly can also include a variety of other features. For instance, in
one embodiment, the deposit element comprises a solid pin. The microarra;/er assembly can
include a fluid-reservoir storage and an apparatus for moving a fluid-reservoir between the fluid-
reservoir storage and the fluid-reservoir holder support. In addition, a sensor can be included to
determine presence of a fluid-reservoir in a bay of the fluid-reservoir storage. Similarly, the
microarrayer assembly can include a substrate-holder storage and an apparatus for moving a
substréte-holder between the substrate-holder storage and the substrate-holder support. A sensor
can also be included to determine presence of a substrate-holder in a bay of the substrate-holder
storage. In one embodiment, the substrate-holders are moved from the substrate-holder storage
to the substrate-holder support by moving the substrate-holder in a vertical direction within the

substrate-holder storage to dispose the substrate-holder on the substrate holder support and
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moving the substrate-holder support in a horizontal direction to retract the substrate-holder
support from the substrate-holder storage. In a further embodiment, the removable substrate-
holders are at least one of removed from and added to the substrate-holder storage during active
fluid capture and droplet deposition operations.

[0048] In one embodiment, the deposit element is constrained to move along a z-axis and the
substrate-holder is constrained to move in a plane substantially perpendicular to the z-axis when
disposed beneath the deposit element. In yet another embodiment, the deposit element is
constrained to move along a z-axis and the fluid-reservoir is constrained to move in a plane
substantially perpendicular to the z-axis when disposed beneath the deposit element. In a further
adaptation, the fluid-reservoir plane of motion is parallel to and displaced from the substrate-
holder plane of motion when disposed beneath the deposit element. In a further embodiment, the
fluid-reservoir is moveable independently of but in coordination with the substrate-holder and
the deposit element.

[0049] In one embodiment, the removable fluid-reservoir is a multi-well plate having 96 wells or
a multiple thereof. The substrate, in another embodiment, may also include a multi-well plate.
[0050] In a further adaptation, the microarrayer assembly includes a first printhead and a second
printhead, each printhead for holding at least one deposit element, where the first printhead and
the second printhead are optionally arranged for moving independently of each other in separate
parallel axes.

[0051] In another embodiment, the removable substrate-holder includes a top surface and a
bottom surface spaced from the top surface, an aperture extending at least partially between the
top surface and the bottom surface, an intersection of the aperture and the top surface defining a
perimeter and at least three reference points proximate the perimeter and defining a reference
plane, the reference points for engaging a top surface of the substrate when the substrate is

disposed in the aperture. Means may be included in the removable-substrate holder to bias the
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substrate against the at least three reference points. In yet another embodiment, the removable
substrate-holder includes a removable substrate-mounting fixture, the substrate-mounting fixture
including a locking element for securing the substrate-mounting fixture into the removable
substrate-holder, the substrate-mounting fixture for holding at least one substrate.

[0052] In one embodiment of the microarrayer assembly, a sensor is included to measure a
distance from the deposit element to a top surface of the substrate. In addition, a motion control
system may be included to dynamically adjust a motion of the deposit element in response to the
sensor measurement to deposit the minute droplet of fluid onto iche substrate without the deposit
element contacting the substrate.

[0053] In a further embodiment, the microarrayer assembly includes a barcode reader for
optically sensing labels secured to at least one of the substrate-holder, the substrate, the fluid-
reservoir holder, and the fluid-reservoir. In another embodiment at least one of the substrate-
holder and the fluid-reservoir holder further comprise a tracking device. The tracking device
includes at least one of a barcode, a radio-frequency identification (RFID) transponder
programmed with a unique code readable by an RFID interrogator by non-contact means, and a
semi-conductor memory device programmed with a unique code. The unique code disposed on
the semi-conductor memory device is readable by at least one of an electric sensor and an
external sensor that is in communication with the semi-conductor memory device through at
least one of optical, infra-red, and radio-frequency communication. In addition, the microarrayer
assembly can include a means for locally storing and updating information on at least one of the
substrate, the substrate-holder, the fluid reservoir, and the fluid-reservoir holder. The means
includes at least one of a radio-frequency identification (RF ID) transponder and a semi-
conductor memory device dynamically programmable onto the at least one of the substrate, the
substrate-holder, the fluid reservoir, and the fluid-reservoir holder. The transponder is readable

by an RFID interrogator by non-contact means and the semi-conductor memory device is



10

15

20

25

WO 2005/042146 PCT/US2004/035101
19

readable by at least one of electrical contact and an external sensor that is in communication with
the semi-conductor memory device through at least one of optical, infra-red, and radio-frequency
communication.

[0054] In one embodiment, overall substrate-holder and substrate-holder support system position
accuracy is within = 0.002" in a z-axis and within + 0.01" in x and y axes. In a preferred
embodiment, overall substrate-holder and substrate-holder support system position accuracy is

within + 0.001" in a z-axis and within + 0.005" in x and y axes. In a more preferred

embodiment, overall substrate-holder and substrate-holder support system position accuracy is

within + 0.0002" in a z-axis and within + 0.001"” in x and y axes.

[0055] In another aspect, the invention relates to a microarrayer assembly for depositing minute
droplets of fluid on a substrate. The microarrayer assembly includes a plurality of deposition
engines operating cooperatively. Each deposition engine includes a deposit element for
depositing minute droplets of fluid onto a surface of a substrate and a support‘for holding at least
one of a substrate-holder and a fluid reservoir, the support including an apparatus for precisely
and repeatably positioning at least one of the substrate-holder and the fluid reservoir on the
support.

[0056] In one embodiment, the microarrayer assembly further includes means to transfer at least
one of the substrate-holder and the fluid-reservoir between the deposition engines. In addition,
the microarrayer assembly can include at least one hotel for storing at least one of the substrate-
holder and a fluid-reservoir and a means to transfer at least one of the substrate-holder and the
fluid-reservoir between the hotel and at least one deposition engine.

[0057] In another aspect, the invention relates to a method for depositing minute droplets of fluid
on a substrate and a microarray produced in accordance with the method. The method includes
the step of loading a substrate-holder onto a substrate-holder support, the substrate-holder for

holding at least one substrate and the substrate-holder including an apparatus for precisely and
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repeatably positioning the substrate-holder on the substrate-holder support. In addition, the
method includes the steps of providing fluid to a deposit element, the deposit element moveable
relative to the substrate-holder and transferring a droplet of fluid from the deposit element to the
substrate.

[0058] In one embodiment, the method also includes the step of transferring the substrate-holder
between a substrate-holder storage and the substrate-holder support. The method may also
include the step of loading a fluid-source holder onto a fluid-source holder support, the fluid-
source holder for holding at least one fluid source and including an apparatus for precisely and
repe/atably positioning the fluid-source holder on the fluid-source holder support. In a further
embodiment, the method also includes thel steps of transferring the fluid-source holder from a
fluid-source holder storage to the fluid-source holder support, capturing fluid from the fluid-
source with the deposit element, and transferring the fluid-source holder from the fluid-source
holder support to the fluid-source holder storage. In one embodiment, the deposit element
includes a solid pin.

[0059] In one embodiment, the substrate-holder support includes a first datum for engaging the
substrate-holder and for restricting movement of the substrate-holder along an x-axis and a
mutually orthogonal y-axis, and defining a first point in a z-axis, the z-axis mutually orthogonal
to the x-axis and the y-axis. The substrate-holder support also includes a second datum for
engaging the substrate-holder and for at least partially locating the substrate-holder along at least
one of the x-axis and the y-axis and defining a second point in the z-axis. Further, the substrate-
holder support includes a third datum for engaging the substrate-holder and defining a third point
in the z-axis. In one embodiment, the first datum includes at least a portion of a sphere for M
engaging a conical recess disposed on the substrate-holder. In another embodiment, the second

datum is engageable with a linear recess disposed on the substrate-holder.
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[0060] In one embodiment, the substrate-holder includes a first element for mating with a first
datum, and for restricting movement of the substrate-holder along an x-axis and a mutually
orthogonal y-axis and defining a first point in a z-axis, the z-axis mutuaily orthogonal to the x-
axis and the y-axis. The substrate-holder further includes a second element for mating with a
second datum, and for at least partially locating the substrate-holder along at least one of the x-
axis and the y-axis while defining a second point in the z-axis. In addition, the substrate-holder
includes a third element for mating with a third datum and defining a third point in the z-axis. In
one embodiment, the first element forms a conical recess for mating with the first datum.

[0061] In yet another embodiment, the method may include the step of moving a fluid reservoir
to a position beneath the deposit element, the deposit element constrained to travel substantially
along a vertical axis and the fluid reservoir being constrained to travel in a plane substantially
perpendicular to the vertical axis when disposed beneath the deposit element. The steps of
lowering the deposit element to capture fluid from the fluid reservoir, raising the deposit element
relative to the fluid reservoir, moving the substrate-holder to a position beneath the deposit
element, the substrate-holder constrained to travel in a plane parallel substantially perpendicular
to the vertical axis when disposed beneath the deposit element and lowering the deposit element
to deposit the fluid on the substrate can also be included in the method.

[0062] In another aspect, the invention relates to a method of depositing droplets of fluid on a
substrate and a microarray produced in accordance with the method. The method includes the
step of moving a fluid reservoir to a position beneath a printhead, the printhead being
constrained to travel along a vertical axis and the fluid reservoir being constrained to travel
within a plane substantially perpendicular to the vertical axis when disposed beneath the
printhead. Also included in the method are the steps of lox)zvering the printhead to capture fluid
from the fluid reservoir, raising the printhead relative to the fluid reservoir and moving a

substrate to a position beneath the printhead, the substrate constrained to travel within a plane
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parallel to, but displaced from, the plane of motion of the fluid reservoir when disposed beneath
the printhead. The method also includes the step of lowering the printhead to deposit the fluid
on the substrate.

[0063] In one embodiment, the method further includes the step of moving the fluid reservoir
away from the axis of motion of the printhead prior to depositing the fluid on the substrate. In a
further ern‘t')odiment, the step of moving the fluid reservoir to a position beneath the printhead
includes moving the substrate in tandem with the fluid reservoir. In yet another embodiment, the
step of moving the substrate beneath the printhead precedes the step of moving the fluid
reservoir away from the axis of motion of the printhead.

[0064] In another aspect, the invention relates to a method of depositing minute droplets of fluid
on a substrate. The method includes the step of arranging a plurality of deposition engines
cooperatively, each deposition engine including a deposit element for depositing minute droplets
of fluid onto a surface of a substrate. The method alsq includes the step of transferring at least
one holder between the deposition engines, the holder for holding at least one of a substrate and
a fluid-reservoir, the holder including an apparatus for precisely and repeatably positioning the
holder on a support.

[0065] In one embodiment, each deposition engine comprises a plurality of printheads. In
another embodiment, the method includes the step of transferring at least one holder from a hotel
to at least one deposition engine. The holders may be removed from and added to the hotel
during active fluid capture and droplet deposition operations.

[0066] In another aspect, the invention relates to a microarrayer assembly for depositing minute
droplets of fluid on a substrate. The microarrayer includes a printhead for depositing fluids on
the substrate, a fluid reservoir including at least one well for supplying fluid to the printhead, and

a sensor for measuring depth of fluid in the at least one well.
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[0067] In another aspect, the invention relates to a method for depositing minute droplets of fluid
on a substrate. The method includes the step of moving a fluid reservoir to a position beneath a
first printhead, the first printhead including at least one deposition element and constrained to
move along a vertical axis, the fluid reservoir constrained to move in a plane substantially
perpendicular to the vertical axis when disposed beneath the first printhead. Also included in the
method are the steps of moving the printhead relative to the fluid reservoir to dip the deposition
element into the fluid reservoir, raising the first printhead relative to the fluid reservoir, and
moving a substrate beneath the first pr}nthead while simultaneously moving the fluid reservoir
beneath a second printhead, the substrate constrained to move in a plane parallel to, but displaced
from, the plane of motion of the fluid reservoir. The steps of lowering the first printhead to
deposit a fluid droplet on the substrate and lowering the second printhead to capture fluid from
the fluid reservoir, and raising the first printhead and the second printhead above the planes of
motion of the substrate and the fluid reservoir are also included in the method. The method also
includes the steps of moving the substrate under the second printhead while simultaneously
moving the fluid reservoir to a position beneath the first printhead, and lowering the second
printhead to deposit a fluid droplet on the substrate and lowering the first printhead to capture
fluid from the reservoir.

[0068] In one embodiment, the method includes the step of moving the substrate under at least
one of the first printhead and second printhead prior to moving the fluid reservoir away from at
least one of the first printhead and the second printhead.

[0069] In another aspect, the invention relates to a method for depositing biological fluid
samples onto a substrate to reduce non-specific binding in undesired locations on the substrate.
The method includes the step of providing a substrate including a surface resistant to non-
specific binding of biological material. A second step included in the method is depositing a first

fluid droplet onto the substrate, the first fluid droplet including a binding agent that is bindable
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with the substrate and that is bindable to a biological material through at least one of
electrostatic, covalent and chemical binding. The method also includes the step of depositing a
second fluid droplet onto the deposition location of the first fluid droplet, the second fluid
droplet including a biological material for binding with the binding agent.

[0070] In one embodiment, the method includes the step of depositing additional fluid droplets
on the deposition location of the first fluid droplet to deactivate the binding propertiés of any
unbound binding agent and\- biological material remaining from the first droplet and the second

droplet.

[0071] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description, the
accompanying drawings, and the claims. Furthermore, it is to be understood that the features of
the various embodiments described herein are not mutually exclusive and can exist in various
combinations and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0072] In the drawings, like reference characters generally refer to the same parts throughout the
different views. In-addition, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the present invention are described with reference to the
following drawings, in which:
e TIG. 1 is a schematic perspective view of a microarrayer in accordance with one
embodiment of the invention;
e FIG. 2A is a schematic perspective view of a printhead including a pin support assembly
in accordance with one embodiment of the invention;
e FIG. 2B is a schematic cross-sectional view of the pin support assembly of FIG. 2A taken

at line 2B-2B in FIG. 24A;
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FIG. 3 is a schematic perspective view of a top referencing substrate-holder in
accordance with one embodiment of the invention;

FIGS. 4A-4B are schematic perspective views of a top-referenced substrate-holder and a
detachable substrate-mounting fixture for securing the substrate to the substrate-holder in
accordance with one embodiment of the invention.

FIG. 4C is a schematic exploded perspective view of the top-referenced substrate-holder
and the detachable substrate-mounting fixture of FIGS. 4A-4B. ‘
FIG. 5A is a schematic bottom view of a substrate-holder including inserts for mating
with datums disposed on a substrate-holder support in accordance with one embodiment
of the invention;

FIG. 5B is a schematic bottom view of a substrate-holder including inserts for mating
with datums disposed on a substrate-holder support in accordance with one embodiment
of the invention;

FIG. 5C is a schematic bottom view of a substrate-holder including inserts for mating
vyith datums disposed on a substrate-holder support in accordance with one embodiment
of the invention;

FIG. 5D is a schematic exploded perspective view of a substrate-holder including parallel
grooves for mating with precision adjustment screws disposed on a substrate-holder
support in accordance with one embodiment of the invention;

FIG. 5E is a schematic perspective view of a substrate-holder support structure in
accordance with one embodiment of the invention;

FIG. 6A is a schematic exploded perspective view of a substrate-holder support including
datums for engaging reference surfaces disposed on a substrate-holder in accordance with

one embodiment of the invention;
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FIG. 6B is a schematic exploded perspective view of a substrate-holder support including
datums for engaging reference surfaces dispoéed on a substrate-holder in accordance with

)

one embodiment of the invention;

FIG. 6C is a schematic exploded perspective view of a substrate-holder support including
inserts for engaging datums disposed on a substrate-holder in accordance with one
embodiment of the invention;

FIG. 7 is a schematic exploded perspective view of a fluid-reservoir holder including
inserts for engaging datums disposed on a fluid-reservoir holder support in accordance
with one embodiment of the invention;

FIG. 8 is a schematic exploded pérspective view of a fluid-reservoir holder including
reference surfaces for engaging datums disposed on a fluid-reservoir holder support in
accordance with one embodiment of the invention;

FIG. 9 is a schematic perspective view of a microarrayer architecture in accordance with
one embodiment of the invention;

FIG. 10 is a schematic perspective view of a microarrayer architecture in accordance with
one embodiment of the invention;

FIG. 11 is a schematic perspective view of a microarrayer architecture in accordance with
one embodiment of the invention;

FIG. 12 is a schematic perspective view of a microarrayer architecture in accordance with
one embodiment of the invention;

FIG. 13 is a schematic block diagram illustration of a multi-engine microarrayer
assembly for use with non-aspirating ink-jet dispensers in accordance with one

embodiment of the invention;
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e FIG. 14 is a schematic block diagram illustration of a multi-engine microarrayer
assembly for use with aspirating deposit elements in accordance with one embodiment of
the invention;

e FIG. 15 is a schematic perspective view of a tissue arrayer in accordance with one
embodiment of the invention; and

e FIG. 16 is a schematic perspective view of a fluidics robot in accordance with one

embodiment of the invention.
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DETAILED DESCRIPTION

[0073] Embodiments of the present invention are described below. It is, however, expressly
noted that the present invention is not limited to these embodiments, but rather the intention is
that variations, modifications, and equivalents that are apparent to the person skilled in the art are
also included. The detailed description is written in three parts. The first part discusses
Microarrayers, the second part discusses Tissue Arrayers, and the third part discusses Fluidics
Robots. Since the term “microarray” is often used in the art to describe both an array of fluid
samples and an array of tissue samples, a distinction in terminology is used in this disclosure.
The terms “microarray” or “spotted microarray” are used to refer to an array of samples.
deposited in a fluid state upon a substrate in the form of minute fluid droplets. The terms “tissue
microarray” or “tissue array” are used to refer to an array of tissue samples deposited in semi-
solid or solid form.

[0074] Similarly, the term “microarrayer”, in this disclosure will be used to refer to a device for
producing microarrays of fluid droplets. The terms “arrayer” and “spotter” may be used

synonymously for the term microarrayer. The term “tissue arrayer”, in this disclosure, will be

used to refer to a device for producing tissue arrays.

1) Microarrayers

[0075] With reference to FIG. 1, in one embodiment of a microarrayer assembly 10 in
accordance with the invention, the microarrayer assembly 10 includes a printhead 12 which
holds a plurality of deposit elements 14. Also included in the microarrayer assembly 10 are
substrates 16 which are held on a substrate-holder 18 which is in turn mounted on a platen 89. A
fluid reservoir 20, for instance a microplate or microtiter plate, is also included in the
microarrayer assembly 10. The fluid reservoir 20 is held on a fluid reservoir holder 21 and, in
turn, the fluid reservoir holder 21 is held on the platen 89. In one embodiment, the printhead 12

and the platen 89 are each mounted on motion stages (not shown). The motion stages enable the
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printhead 12 and the platen 89 to move relatively in relation to each other so that the deposit
elements 14 can acquire fluid from the fluid reservoir 20 and deposit the fluid on the substrates

16.

a) Deposit Elements !

[0076] A variety of deposit elements 14 may be used in accordance with the invention including
ink-jet dispensers, pens, quill pins, and solid pins. Ink jet dispensers 14 eject drops onto a
substrate 16 using, for instance, a piezoelectric crystal which deforms in response to a voltage to
squeeze a minute droplet of fluid from a minute orifice in the dispenser. Fluid samples to be
dispensed from an ink jet device 14 are either fed directly to the device, for example via tubing,
or, alternatively, the sample fluid can be aspirated into the ink jet device 14 from a fluid reservoir
20.

[0077] In embodiments using pen printing, a pen-like device 14 such as a narrow capillary tube
is first dipped into the fluid reservoir 20 to aspirate fluid, and then used to deposit a fluid droplet
upon the substrate 16 by applying pressure to the fluid within the capillary.

[0078] Quill-pin printing embodiments in accordance with the invention use a split pin 14 or pin
with a slit near its tip. The quill pin 14 is first dipped in the fluid reservoir 20 to capture fluid in
the slit between the two segments of the pin 14. This local fluid reservoir in the slit is then used
to re-supply the tip of the pin when the pin 14 is touched or tapped upon the surface of the
substrate 16.

[0079] Solid pins 14 may also be used as the deposit element 14 in accordance with other
embodiments of the invention. When used as the deposit element 14, solid pins with tip
diameters between about 25 micrometers to about 700 micrometers may be used, and in another
embodiment, solid pins having diameters between about 70 micrometers to about 300
micrometers may be used. The tip of the pin is dipped into a fluid reservoir 20 (for instance into

fluid held within a well of a microplate 20) from which the pin 14 is then withdrawn such that a



10

15

20

25

WO 2005/042146 PCT/US2004/035101
30

droplet of fluid is captured on the tip of the pin 14. The pin 14 is then moved, relatively, to
touch the tip of the pin 14, or to touch the fluid droplet adhered to the tip of the pin 14, onto a
substrate 16 and thereby transfer some of the fluid to the substrate 16.

[0080] With reference to FIGS. 2A-2B, solid pins 14 are shown held within a pin-support
assembly 24 that maintains precise positioning of a tip 26 of the pin 14 in a horizontal plane
while allowing compliance in a vertical dimension. The solid pins 14 in various embodiments,
are stepped pins and tapered pins. The pin support assembly 24 includes upper holes 28 and
lower holes 30 through which the pins 14 extend. The upper holes 28 are formed slightly larger
than the width (the diameter of the pin, if of circular cross-section) of the pin’s upper section
such that the pin 14 can move vertically within the pin support assembly 24, but is constrained to
move minimally in the horizontal plane. As illustrated, the lower holes 30 each include a conical
seat 32 that matches a similar profile formed on the pin 14. The conical seat 32 serves both to a)
provide a lower restraint to vertical motion of the pin 14, thereby defining the vertical location of
the tip 26 of the pin 14 of known length and proportior‘ls, and b) to precisely locate the lower
section of the pin 14, and thereby the pin tip 26, in the horizontal plane. In one embodiment, the
pin 14 is pushed against the conical seat 32 by the weight of the pin 14 alone. In another
embodiment, a biasing means, such as a vertically acting spring is used to thrust the conical
section of the pin 14 onto the seat 32. It will be appreciated that other techniques for maintaining
the position of the pin tip 26 may be used, and the above example should not be considered
limiting.

[0081] With reference to FIGS. 1-2B, a multiplicity of deposit elements 14 are held in the
printhead 12 which greatly enhances the rate at which droplets may be deposited on a substrate
16. Typically, the deposit elements 14 are spaced apart at a distance corresponding to the center-
to-center well spacing of the multi-well fluid reservoir 20 being used, such as a microplate 20

having 24, 48, 96, 384, 1536 or 3456 wells, or a microplate having a number of wells being a
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multiple of any of these numbers. One advantage of the use of solid pins 14 compared to quill-
pins or pens is that their relatively narrow tips 26 allows their penetration into small, high density
wells, such as those in standard 1536 and 3456 microplates 20. Similarly, the narrow bodies of
solid pins enable printheads 12 to contain a higher density of pins 14 within a given area. Solid-
pin printheads 12 of 192 pins or more can readily be used in combination with 1536-well
microplates 20.

[0082] Once the deposit elements 14 are mounted in the printhead 12, planar adjustments of the
tips 26 are desirable to bring the plane of the tips 26 parallel to a plane of the substrates 16. For
example, precision adjustments to the pitch, roll and yaw between fixed reference elements of
the printhead 14 and the pin-support assembly 24 may be made with adjustment screws 33.

b) Substrates and Substrate Holders

[0083] Microarrays of fluid droplets can be spotted on a wide variety of substrates 16. In one
embodiment, the substrate 16 is in the form of a glass slide, such as a microscope slide. The
substrate 16, in another embodiment, is a multi-well plate such as a micro-titer plate with flat-
bottomed wells. The benefit of using such a multi-well plate is that the fluids spotted on the flat
bottom of each well can be independently assayed. This is of significant value for applications
such as drug discovery, high-throughput screening and toxicogenomics. The well-plate format
for the substrate 16 is well suited to applications requiring a multiplicity of parallel tests on a
limited number of fluid samples, typically up to several thousand in number.

[0084] In other embodiments in accordance with the invention, the substrates may be selected
from a variety of materials and forms, all of which are included within the scope of the present
invention. Such materials include, but are not limited to, metal, plastic, nylon, semiconductor
and ceramic materials, glass plates, clear or glass-bottomed well plates or similar multi-well

structures allowing for further independent chemical or biological processing.
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[0085] In another embodiment, a top surface 17 of the substrate 16 is coated with a material that
will bind biological molecules. In one embodiment, the coating has hydrophobic properties to
minimize the spreading of the droplet over the top surface 17 of the substrate 16. Many coatings
have been developed for microarray substrates 16 and will bie familiar to those skilled in the art.
[0086] As mentioned earlier, a limitation of the prior art is that substrate mounting arrangements
have been bottom-referenced on a platen, i.e. the substrate such as a glass slide, is mounted such
that its bottom surface rests upon the top surface of the platen. Variability in the thickness of the
substrates can create uncertainty in the height of the surface upon which fluid droplets will be
deposited and can cause undesirable variations in droplet deposition from substrate to substrate.
[0087] With reference to FIG.1, in one embodiment in accordance with the invention, this
limitation is overcome by providing a distance measurement sensor 34 (in one embodiment the
distance measurement sensor is mounted to the printhead 12 to minimize uncertainties in
absolute position) to accurately measure the distance between the printhead 12 and the top
surface 17 of the substrate 16 onto which fluid droplets are to be deposited. Precision motion
control elements can then be employed to adjust the relative distance between the tips 26 of the
deposit elements 14 and the substrate 16 to effect contact of the droplet and the top surface 17 of
the substrate 16. The distance measurement sensor, for example, may be:
a) capacitive, wherein the change in capacitance as an element approaches an object or
surface is sensed to measure distance,
b) inductive, wherein the change in inductance as an element approaches an object or
surface is sensed to measure distance,
¢) conductive, wherein conduction of an electric current or signal (continuous or alternating
current) is either established or broken when an element touches an object or surface,
d) magnetic, wherein the change in magnetic flux as an element approaches an object or

surface is sensed to measure distance,
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e) optical, including, but not limited to i) laser interferometry distance measurement, ii)
optical switching (in which an optical beam is either established or broken as a result of
physical contact of an element or an optical beam with an object or surface), iii) optical
displacement sensing, in which the distance to a surface is measured by measuring the
displacement of a beam that is reflected from that surface at an angle other than normal
incidence, or

f) radar, sonar or laser-radar based, with distance measurement using pulsed transmissions
or modulated continuous-wave transmissions.

[0088] In another embodiment, variability in the thickness of the substrates 16 is overcome by
top referencing the substrates 16 in the substrate-holder 18. With reference to FIG. 3, an
arran‘gerﬁent for top-referencing a substrate 16 in a substrate-holder 18 is illustrated. The top
surface 36 of the subsﬁate—holder 18 (or at least those parts of the top surface 36 around the
locations where the substrates 16 are mounted) is machined or constructed to be precisely co-

)
planar. Precisely machined brackets 38 are coupled to the machined top surface of the substrate-
holder 18 such that portions 40 of the brackets 38 protrude over a recess in which the substrates
16 are disposed and present a three-point support to define a plane against which the top surface
17 of the substrate 16 rests. In this way, the top surface 17 of each substrate 16 will be
substantially coplanar with the top surface 17 of every other substrate 16 on‘the substrate-holder
18, regardless of the individual thicknesses of the substrates 16. Resilient spring clips press the
substrate 16 against the protruding portions 40 of the bracket 38 from below.
[0089] Alternative methods for top-referencing the substrate 16 in the substrate-holder 18 exist.
For example, rather than using brackets, the reference surface 36 onto which the top surface 17
of the substrate 16 is pressed could be continuous and protrude over the aperture which receives

the substrate 16. All such alternative realizations that have the effect of precisely locating the
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top surface 17 of the substrate 16 in the same plane are included within the scope of the present
invention.

[0090] With reference to FIGS. 4A-4C, in another embodiment, the substrate 16 is initially
mounted on a detachable substrate-mounting fixture 42 that is, in turn, coupled to the substrate-
holder 18 such that the top surface 17 of the substrate 16 is pressed upon the aforementioned
reference surfaces 40 of the substrate-holder brackets 38. The substrate-holder 18 includes
recesses 27 designed to accept the slide-mounting fixture 42 with the substrate 16 mounted upon
it. The substrate 16 is referenced in the substrate-mounting fixture 42 at one end and on one side
by fixed tabs 44 that do not extend above the top surface of the substrate 16. The substrate 16 is
held against the tabs 44 by a spring clip 46 which exerts pressure on the side of the substrate 16,
but does not extend above the top surface 17 of the substrate 16. With reference to FIG. 4C, a
retaining device 48, with projections 49 for twisting the device 48 by finger action, is mounted
on the bottom surface of the substrate-mounting fixture 42. The retaining device 48 is free to
rotate around a vertical z-axis. The retaining device 48 is mounted on a compression spring (not
shown) which pushes it away from the bottom surface of the substrate-mounting fixture 42
against a restraint which limits its motion awaiy from the substrate-mounting fixture 42. Two
bridges 50 with cam surfaces 51 formed on upper surfaces facing the substrate-holder 18 are
firmly coupled to the substrate-holder 18 at either side of the recess 27. The substrate-mounting
fixture 42 is inserted into the recess 27 in the lower side of the substrate-holder 18 until the top
surface 17 of the substrate 16 contacts the reference surfaces 40 of the bracket 38 (the reference
surfaces 40 being coplanar for all slide-mounting fixture recesses). The retaining device 48 is
rotated, such that its projections 49 engage and slide over the cam surfaces 51 of the bridges 50.
This action compresses the spring and causes the top surface 17 of the substrate 16 to press

firmly against the reference surfaces 40 of the substrate-holder bracket 38. Detents at the centers
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of the cam surfaces 51 provide a position in which the retaining device 48 securely rests in a
“locked” position.

[0091] The repeatable, accurate, top-referenced mounting structures of the present invention
enable non-contact deposition without a substrate height position measurement sensor 34.
Alternatively if such a sensor 34 is beneficial, a single measurement may suffice for all
substrates 16 on the substrate-holder 18. )

[0092] With reference to FIG. 5A, in another embodiment, the substrate-holder 18 includes an
apparatus for mounting the substrate-holder 18 on a substrate-holder support 19, such that the
substrates 16 may be precisely positioned repeatedly in a defined plane and at a defined location
in that plane.

[0093] Reference surfaces are machined or formed on three inserts 54a, 54b, and 54c¢ that are
securely affixed in two corners of the substrate-holder 18 and at a mid-point on the far side of the
substrate-holder 18 as illustrated. In one embodiment, the insert 54a includes a conically-shaped
reference surface 55. The insert 54a is secured into the substrate-holder 18, for instance, by
screwing the insert 54a into the substrate-holder 18, and then optionally fastening the insert 54a
into position using an adhesive. The insert 54a, in one embodiment, is made from a hardened
metal. In other embodiments, materials that are machinable, while also being non—deformable
may be used. The insert 54a is engageable with a datum disposed on a substrate-holder support
19 to restrict movement of the substrate-holder 18 along an x-axis and a mutually orthogonal y-
axis and defining a first point in a z-axis, where the z-axis is mutually orthogonal to the x-axis
and the y-axis.

[0094] The insert 54b in the adjacent corner of the substrate-holder includes a V-groove
reference surface 56. The insert 54b is inserted into the substrate-holder 18 in one embodiment
such that the axis of the V-groove passes through the apex of the conical surface 55. The insert

54b may be secured to the substrate-holder 18 via a dowel pin 58 and adhesive. The insert 54b
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can be made from a hardened metal. The insert 54b is engageable with a second datum 64
disposed on the substrate-holder support 19 to locate the substrate-holder 18 along at least one of
the x-axis and the y-axis while defining a second point in the z-axis.

[0095] The insert 54c on the far end of the substrate-holder 18 in one embodiment includes a flat
(horizontal) surface 60. The insert 54c may be secured to the substrate-holder 18 via a screw
thread and adhesive. The insert 54c may be made, for example, from a hardened metal. The
insert 54c¢ is engageable with a third datum disposed on the substrate-holder support 19 and
defines a third point in the z-axis.

[0096] With reference to FIG. 6A, as mentioned, the reference surfaces 55, 56, 60 of the inserts
54a, 54b, 54¢ are designed to rest in contact with datums 64 disposed on the substrate-holder
support 19. The datums are disposed on the substrate-holder support such that they align witﬂ
the inserts 54a, 54b, and 54c disposed on the substrate-holder 18. In the illustrated embodiment,
the datums 64 include hemispherical surfaces. In one embodiment, the hemispherical surfaces
are provided by the top sides of hardened ball bearings mounted in precision seats set in optical-
plane adjustment screws. The adjustment screws can be adjusted in height to set the substrate-
holder 18 in the desired plane, and then locked in place.

[0097] In another embodiment, at least one datum 64 includes at least a portion of a spherical
surface. In a further embodiment, at least one datum 64 includes a point formed by a pin. In
another embodiment, the datums 64 are disposed on the substrate-holder 18 and the inserts are
disposed on the substrate-holder support 19 (FIG. 6C).

[0098] In use, when the reference surfaces 55, 56, 60 of the inserts 54a, 54b, 54¢ are received on
the datums 64, the datums 64 and the reference surfaces 55, 56, 60 locate the substrate-holder 18
in a selected plane. Further, if the substrate-holder 18 is removed from the substrate-holder
support 19, and then re-seated on the substrate-holder support 19, the substrate-holder 18 will

locate itself in the identical plane and in the identical location in the plane. In addition, any
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substrate-holder 18 with inserts 54a, 54b, 54c with reference surfaces set in the same positions
and at the same heights (the heights are adjustable on two of the inserts 54a and 54c) will be
accurately located in the same position in the same plane with respect to the substrate-holder
support 19. This embodiment therefore permits a series of substrate-holders 18 to be
sequentially loaded into the microarrayer assembly 10 without the loss of positional accuracy in
locating the substrate-holders 18 on the substrate-holder support 19. In the illustrated
embodiment, gravity loading is sufficient to firmly and accurately seat the substrate-holder 18 on
the datums 64 of the substrate-holder support 19. In another embodiment, additional means for
restraining the substrate-holder 18 against the datums 64 of the substrate-holder support 19 may
be utilized. For instance, magnetic, electromagnetic, electrostatic, vacuum or mechanical means
could be used for this purpose. In combination, the reference surfaces 55, 56, and 60 disposed
on the substrate-holder 18, the datums 64 on the substrate-holder support 19, along with the top
referencing of substrates 16 in a substrate-holder 18 provide an apparatus for accurately locating
the top surface 17 of the substrates 16 in a known position in a known plane in the microarrayer
assembly 10.

[0099] The capability to load substrate-holders 18 into and out of a microarrayer assembly 10
while maintaining positional accuracy of the éubstrates 16 in three dimensions serves to separate
the choice of functional design of the microarrayer deposition apparatus from the selection of the
substrate-handling capacity of the microarrayer assembly 10.

[00100] In one embodiment, overall substrate-holder and substrate-holder support system
position accuracy is within £ 0.002" in the z-axis and within + 0.01” in the x and y axes. Ina
preferred embodiment, overall substrate-holder and substrate-holder support system position
accuracy is within + 0.001" in the z-axis and within + 0.005" in the x and y axes. In a more
preferred embodiment, overall substrate-holder and substrate-holder support system position

accuracy is within £ 0.0002" in the z-axis and within + 0.001"” in the x and y axes.
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[00101] With reference to FIGS. 5B and 6B, in another embodiment, reference surfaces
are machined or formed on four hardened metal inserts 54a, 54b, 54c and 54d that are securely
affixed in the corners of the substrate-holder 18. In one embodiment, the insert 54a includes a
conically—shaped reference surface 55. Additional hardened metal inserts 54b and 54d in the
two adjacent corners of the substrate-holder include V-groove reference surfaces 56, 57. Tﬁe
two V-groove reference surfaces 56, 57 are oriented with the axes of their grooves passing
through the apex of the conical surface 55. The inserts 54b, 54d with V-groove reference
surfaces are secured to the substrate-holder 18 via dowel pins 58 and adhesive. The insert 54c in
the remaining corner of the substrate-holder 18 has a simple flat (horizontal) surface 60 and is
secured to the substrate-holder 18 via a screw thread and adhesive.

[00102] With reference to FIG. 6B, the reference surfaces 55, 56, 57, and 60 on the inserts
54a, 54b, 54c, 54d that are secured into the substrate-holder 18 are designed to rest in contact
with datums 64 disposed on the substrate-holder support 19. In the illustrated embodiment, the
datums 64 include hemispherical surfaces and are disposed at four corners on the substrate-
holder support 19.

[00103] As before, when the reference surfaces 55, 56, 57, 60 of the inserts 54a, 54b; 54c
and 54d are received on the datums 64 of the substrate-holder support 19, the datums 64 and the
reference surfaces 55, 56, 57, and 60 locate the substrate-holder 18 in a selected position in a
selected plane. Further, if the substrate-holder 18 is removed from the substrate-holder support
19, and then re-seated on the substrate-holder support 19, the substrate-holder 18 will locate
itself in the identical plane and in the identical position within the plane. In addition, any
substrate-holder 18 with the reference surfaces 55, 56, 57, 60 set in the same positions and at the
same heights (inserts 54a and S4c are adjustable for this purpose) will be accurately located in
the same plane and in the substantially identical position within the plane with respect to the

substrate-holder support 19.
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Other embodiments for providing accurate and repeatable positioning of the

substrate-holder 18 on a substrate-holder support 19 are included within the scope of the present

invention,.

a)

b)

d)

Possible alternative embodiments include, but are not limited to:

Providing three or more recesses in the bottom surface of the substrate-holder 18 and

an equal number of matching projections in the top surface of the substrate holder
support 19. All recesses, when engaged with the matching projections on the
substrate-holder 18, provide bearing surfaces to define the resting location of the
substrate-holder 18 in the axis perpendicular to the top surface of the substrate-holder
18. If at least two of the recesses, when engaged in the matching projections on the
substrate-holder support 19, also provide restraint to motion in the plane of the
substrate-holder 18 (at a minimum two of the engaged elements must provide
restraint to motion in two perpendicular axes parallel to the plane of the substrate-
holder 18), the substrate-holder 18 will be firmly located in three dimensions.

The equivalent arrangement to a), wherein the recesses are disposed in the substrate-
holder support 19 and the projections are disposed on the lower surface of the
substrate-holder 18.

ProviAding precisely machined (e.g. milled or ground) bottom surface regions on the
substrate-holder 18 designed to engage three or more support projections on the
substrate-holder support 19 (this defines the plane of the substrate-holder 18 and
defines its position in the z-axis). Fiducial surfaces are also provided on the
substrate-holder support 19 to restrict motion in the x and y axes, and the substrate-
holder 18 is urged by a spring, a magnet, a vacuum or other compliant or biasing
means against these surfaces.

Providing a precisely-milled or ground flat bottom on the substrate-holder 18

designed to engage a precisely-milled or ground flat surface on the substrate-holder
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40

support 19 (this defines the plane of the substrate-holder and defines its position in
the z-axis). Fiducial surfaces 72 are also provided on the substrate-holder support 19
to restrict motion in the x and y axes and the substrate-holder 18 is urged by a spring
73, a magnet, a vacuum or other compliant or biasing means against these surfaces
(FIG. 5E).

Providing three or more bearing surfaces on the bottom of the substrate-holder
support 19 designed to rest upon precisely-milled or ground flat surface regions on
the substrate holder 18 (this defines the plane of the substrate-holder 18 and defines
its position in the z-axis). Fiducial surfaces on the substrate-holder support 19 are
also provided to restrict motion in the x and y axes and the substrate-holder 18 is
urged by a spring, a magnet, a vacuum or other compliant or biasing means against
these surfaces. |

Providing three or more grooved (e.g. V-groove) recesses with parallel axes in the
lower surface of the substrate holder 18 to engage with matching point supports on
projections disposed on the substrate-holder support 19. A fiducial surface is also
provided on the substrate-holder support 19,‘ perpendicular to the axes of the grooves.
The substrate-holder 18 is urged by a spring, a magnet, a vacuum or other compliant
or biasing means against the fiducial surface.

The equivalent arrangement to f), wherein the recesses are in the substrate-holder
support 19 and the projections are on the lower surface of the substrate holder 18.
Providing two or more elongated grooved (e.g. V-groove) recesses with parallel axes
in the lower surface of the substrate holder 18 to engage with matching elongated
supports (e.g. bar supports) projecting from the substrate holder support 19. A
fiducial surface on the substrate-holder support 19 is also provided that is

perpendicular to the axes of the grooves. The substrate holder 18 is urged by a
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spring, a magnet, a vacuum or other compliant or biasing means against th¢ fiducial
surface.

i) The equivalent arrangement to h), wheréin the recesses are in the substrate-holder
support 19 and the projections are on the lower surface of the substrate holder 18.

J) Any of the mechanisms described in b) — i) above, further including two or more
through-holes in the substrate holder 18 that are designed to locate the substrate
holder on matching conical projections on the substrate-holder support 19 (similar to
the fluid-reservoir disposed on the fluid-reservoir support illustrated in FIG. 8).

k) The arrangement described in j) above, further including a compliant or biasing
means (e.g. a spring, a magnet, an electro-magnet, or a vacuum) to bias the substrate-
holder 18 onto the side of one or more of the cogical projections.

1) Providing two parallel V-grooves 71 and four spherically tipped precision adjustment
screws or datums 64. A fiducial surface 72 is provided on the substrate-holder
support 19 that is perpendicular to the axes of the grooves 71. The substrate-holder
18 is urged by a spring 73, a magnet, a vacuum or other compliant or biasing means
against the fiducial surface 72 (FIG. 5D).

m) Providing a substrate-holder 18 with inserts 54a, 54b, 54¢ and 54d having opposed
pairs of V-grooves for mating with datums 64 (for example, spherical or conical)
disposed on the substrate-holder support 19 (FIG. 5C).

[00105] Referring again to FIG. 1, in another embodiment, the use of substrate-holders 18

that can be repeatably and accurately loaded onto a substrate-holder support 89 is combined with
a substrate-holder storage 70 for temporally storing a multiplicity of substrate-holders 18 and the
substrates 16 located thereon. A conveyor system (not shown) for removing substrate-holders 18
from the substrate-holder storage 70, loading the substrate-holders 18 onto the substrate-holder

supports 89 for deposition of fluids on the substrates 16, and then returning the substrate-holders
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18 to the substrate-holder storage 70 may also be included. Alternatively, the motion system on
which the substrate-holder support 89 is disposed may directly access the substrate-holder
storage 70 to remove a substrate-holder 18 from the substrate-holder storage 70 or to place a
substrate-holder 18 therein.

[00106] Various components of the microarrayer assembly 10 described above may be
combined together in alternative embodiments in accordance with the invention. When
combined, various benefits may be achieved.

[00107] For instance, in one embodiment, substrate-holders 18 may be readily loaded into,
and removed from, the deposition area (the area generally beneath the printheads) of the
micfoarrayer assembly 10 without ldss of positional accuracy. In other words, all properly
calibrated substrate-holders 18, when mounted on the substrate-holder support 89, will position
the top surfaces 17 of the substrates 16 in a substantially identical plane, as well as in a
substantially identical position in the plane.

[00108] In another embodiment, the number of substrates 16 that may be p‘rocessed by the
microarrayer assembly 10 is limited only by the number of substrates 16 on each substrate-
holder 18 and the available number of substrate-holders 18 in the substrate-holder storage 70.
This benefit is derived in embodiments where the microarrayer can autonomously access the
substrate-holder storage 70.

[00109] In another embodiment, the substrate-holders 18 may be removed from, and
added to, the substrate-holder storage 70 while depositions are underway on an active substrate-
holder 18 loaded in the deposition area of the microarrayer assembly 10. Therefore, it is not
necessary to cease spotting operations to load and unload substrates 16 or substrate-holders 18,
as in existing microarrayers. It will be appreciated that deposition operations may continue

indefinitely if, periodically, fresh substrates 16 are introduced into the substrate-holder storage

70 and processed substrates 16 are removed from the storage 70.
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[00110] In another embodiment where the number of substrates 16 that can be processed
is limited only by the capacity of the substrate-holder storage 70 and not the size of the substrate-
holder 18, relatively small substrate-holders 18, holding, for example six to twenty glass-slide
substrates 16 may be used, minimizing the size of the deposition area and volume of the
microarrayer assembly 10. Moreover, the use of small substrate-holders 18 may negate the need
for large, slow, overly complex and expensive motion elements that are required for larger
mobile substrate-holders 18.

[00111] In yet another embodiment including a substrate-holder storage 70, manual
loading/unloading of substrates 16 from the section of the microarrayer 10 dedicated to
deposition is eliminated. Automatic loading and unloading of substrates 16 minimizes or
eliminates sources of error resulting from frequent human access to the deposition area.

[00112] In another embodiment that includes automatic loading of substrates 16 into the
microarrayer assembly 10, the area for droplet depositions (the deposition chamber) is relatively
closed and relatively undisturbed by human access. Therefore, well-controlled and stable
environmental conditioning of this area is possible. In another embodiment, separate
environmental controls may be applied to the substrate-holder storage 70 and the deposition area.
[00113] In yet another embodiment where relatively small substrate-holders 18 are used,
the exposure of the substrates 16 to the environment of the deposition area can be relatively
short. This may be of benefit, for example, if the fluids being deposited are best kept cold, but
may be at a higher temperature for deposition. In yet another embodiment, the microarrayer
assembly 10 may be scaled in size, since the size and functions of the deposition equipment is
not tied to the number of substrates 16 being processed. Therefore, as later described, arrayer
designs can be realized using multiple deposition engines working cooperatively to significantly
increase throughput.

¢) Fluid Reservoirs and Fluid Reservoir Holders
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[00114] A variety of fluid reservoirs 20 may be used to supply the fluid samples to the
printheads 12 of the microarrayer assembly 10. In one embodiment, a microplate 20 with 96
wells, or a multiple of 96 wells is used. The use of the higher density microplates 20, for
example, having 1536 \wells, is suited to solid-pin deposit element 14 implementations since very
narrow pin tips 26 are readily fabricated with solid pins 14.

[00115] In microarrayer assembly 10 embodiments that include a high density fluid-
reservoir array, such as microplates 20 with 1536, 3456 or 6144 wells, greater positional
accuracy is required to hold the fluid reservoir 20 in the microarrayer assembly 10. With
reference to FIG. 7, a ﬂuid-resérvoir holder 21 that includes inserts 76, 78, 80, and 82 designed
to engage datums 65 disposed on a fluid-reservoir holder support 22 is illustrated. Similar té the
mounting arrangement for the substrate-holder 18 and the substrate-holder support 19 described
earlier in FIGS. 5B and 6B, the inserts and the datums respectively disposed on the fluid
reservoir holder 21 and the fluid reservoir holder support 22 enable fluid-reservoirs 20 to be
accurately and repeatably loaded onto into the microarrayer assembly 10. In another
embodiment, three inserts are provided to engage three datums as described with reference to
FIGS. 5A and 5B. In other embodiments, any of the referencing or planarization systems
described previously for use with the substrate-holder 18 and the substrate-holder support 19 can
be used with either a fluid reservoir 20 mounted directly onto a fluid-reservoir holder support 22
or a fluid reservoir holder 21 mounted on a fluid reservoir-holder support 22, the fluid-reservoir
holder holding the fluid-reservoir 20. In addition, a fluid-reservoir holder storage 83 may be
included in the microarrayer assembly 10. Similar to the substrate handling mechanisms
described earlier, the fluid reservoirs holders 21 may be robotically removed from the fluid-
reservoir holder storage 83 and placed back into the storage 83 after use. This provides many of

the same advantages described earlier with respect to the automated handling of substrates.
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[00116] With continued reference to FI:?%S. 7, the fluid reservoir 20 is referenced against
precisely machined raised edges 84 disposed on the fluid-reservoir holder. 21. Resilient spring
clips 86 are then used to hold the fluid reservoir 20 firmly against the raised reference edges 84
of the fluid-reservoir holder 21.

[00117] In one embodiment, overall fluid-reservoir holder and fluid-reservoir holder
support system position accuracy is within = 0.02” in the x, y, and z-axes. In a preferred
embodiment, overall fluid-reservoir holder and fluid-reservoir holder support system position
accuracy is within £ 0.002" in the z-axis and within = 0.01" in the x and y axes. In a more
preferred embodiment, overall fluid-reservoir holder and fluid-reservoir holder support system
position accuracy is within & 0.0002" in the z-axis and within £ 0.001” in the x and y axes.
[00118] With reference to FIG. 8, an alternative embodiment of a fluid-reservoir holder
121 is illustrated. The fluid-reservoir holder support 122 includes a precisely fabricated flat top
surface 124 designed to interface with a precisely fabricated flat undersurface 126 of the fluid-
reservoir holder 121. Precisely machined through holes 128 in the fluid-reservoir holder 121 are
configured to accept reference pins or datums 130 with conical surface segments. The fluid-
reservoir 20, when installed, 1s referenced against raised edges 184 disposed on the fluid-
reservoir holder 121. Resilient spring clips 186 may be used to hold the fluid-reservoir 120
firmly against the raised reference edges 184. Two pairs of magnetic elements 129, one disposed
on the lower surface of the fluid-reservoir holder 121 and one disposed on the fluid-reservoir
holder support 122 provide a pre-load to hold the lower surface of the fluid-reservoir holder 121
firmly against the fluid-reservoir holder support 122 and also to bias the side of the holes 128
against the vertical elements of the reference pins 130 to constrain any motion in the horizontal
plane.

[00119] In some embodiments, especially when using fluid-reservoirs 20 that include a

dense array of wells, it is desirable to place lids on the fluid-reservoirs 20 when they are not in
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use to minimize evaporation of the fluid and the introduction of airborne contaminants or
particulates into the fluid. In such cases an automated de-lidding station can be added to the
microarrayer assembly 10 to remove the lid before the fluid-reservoir 20 is used to supply fluids
to the depbsit clements 14, and to replace the lid after the completion of use of the fluid-reservoir
20.

d) Microarrayer Architectures

[00120] The deposition of micro fluid droplets in ordered arrays upon substrates 16
requires a minimum set of physical motions to bring the printhead 12 into proximity with all
fluid retention locations of the fluid reservoir 20 and all deposition sites on the substrate 16.
Precision linear or rotational motion systems that are computer controlled and, in some instances,
have precision positional feedback, are assumed to be included in the following embodiments.
The physical, electrical and computer program elements required to realize such precision
motion control, with positioning capability in the micron or sub-micron range, are well known to
those skilled in the art, and are therefore not described further.

[00121] In various embodiments, any of the assemblies described may be configured with
covers, heaters, chillers, hum[idiﬁers, dehumidifiers, control systems and other elements to
provide a controlled environment in which the fluid droplets are deposited upon the substrates
16. In some cases, it may be preferable to provide temperature control to the entire microarrayer
assembly 10, and in some cases individual elements of the microarrayer assembly 10 may be
controlled e.g. localized cooling of the fluid reservoir 20 to inhibit denaturing of sensitive
biological samples. Air filtering to inhibit contamination of the fluid samples or the substrates
16 by airborne particulates can also be provided. Similarly, the substrate-holder storage 70 and
the fluid-reservoir holder storage 83 can be similarly environmentally conditioned, with the

same, or with different environmental parameters.

i) Microarrayer Architectures for “Equal Exposure Time” Spotting
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[00122] In various embodiments, the motion control system, in addition to controlling the
relative positions of the substrate-holders 19 and the fluid-reservoir holders 21, is designed and
arranged to:
i) move the printhead 12 and/or the fluid reservoir 20, relatively, to dip the deposit
elements 14 into the fluid reservoir 20 to capture fluid;
if) move the printhead 12 and/or the substrate 16, relatively, to position the desired fluid
deposition location on the substrate 16 under the printhead 12;
iii) move the printhead 12 and/or the substrate 16, relatively, so that the deposit element
14, or the fluid droplet on the tip of the deposit element 14, contacts the top surface 17 of
the substrate 16; and,
iv) vary thé speed of motion of the various moving elements, or equivalently, introduce
variable delays in the motions, calculated and applied such that for every deposited
droplet of fluid on the substrate 16 or substrates 16, the fluid captured by the deposition
element 14 is exposed to the surrounding atmosphere for substantially the same amount
of time between its extraction from the fluid reservoir 20 and its deposition on the
substrate 16 no matter from which part of the fluid reservoir 20 the fluid is extracted, nor
where on the substrate 16, or on which substrate 16 the fluid droplet is deposited. l
[00123] The use of the motion control system in this manner equalizes the evaporation of
the fluid being carried by the deposit element 14‘during the time period between fluid capture
from any fluid reservoir 20 location, to deposition on any droplet deposition site on the substrate
16. The arrangement is conceptually illustrated in FIG. 9. Referring to FIG. 9, substrates 16 are
secured to the substrate-holder 18 and a fluid reservoir 20 is secured to a fluid reservoir holder
21. The substrate-holder 18 includes one of the planarization systems earlier described to
accurately and repeatably load the substrate-holder 18 on datums 64 disposed on the substrate-

holder support 19. Likewise, the fluid reservoir holder 21 which holds the fluid reservoir 20

{
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includes one of the planarization systems earlier described to accurately and repeatably load the
fluid-reservoir holder 21 on datums 65 disposed on the fluid-reservoir-holder support 22. In the
illustrated embodiment, the substrate-holder support 19 and the fluid reservoir holder support 22
are a single, integrally formed, platen 89. For illustration purposes, a single deposit element 14
is held by a printhead 12, however, the printhead 12 may hold a plurality of deposit elements 14.
Fluid is capturéd from the fluid-reservoir 20 by dipping the tip 26 of the deposit element 14 into
the wells. Fluid is then spotted on the substrate 16 by touching the tip 26 of the deposit element
14, or the fluid droplet on the tip of the deposit element 14, onto the desired position of the
substrate 16. A motion control system, for instance, a computer 90, provides stimuli to actuators
to move the platen 89 and the printhead 12, such that the time of exposure of the fluid droplet on
the tip 26 of the deposit element 14 to the air is the same for the shortest path and the longest
path between a well and a deposition location, and all paths in between. In FIG. 9, the shortest
path is represented by path “A” and the longest path is representéd by path “B”. Equalization of
the exposure times as described may be realized by extending the exposure times for all
depositions to match the longest exposure time, for example, the time taken for the deposit
element 14 and the platen 89 to move relatively over path “B”. The longest exposure time may
be calculated based on the motion parameters of the mobile elements involved, or by
measurement of the exposure time associated with the longest path length involved, i.e. path
“B”, at the maximum operating acceleration, maximum velocity, and maximum deceleration.
The extension of the exposure times for paths shorter than path B, (for instance, path A), may be
applied as delays between the various motions (e.g. delay in lowering the printhead 12 to deposit
the droplet on the substrate 16 or by slowing the speed of one or more of the printhead 12 and
the platen 89).

ii) Microarrayer Architectures With Combined Substrate Motion and Fluid Reservoir Motion
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[00124] Referring again to FIG. 1, one embodiment of an architecture for the microarrayer
assembly 10 is further described. In the illustrated embodiment, the substrate-holder 18 and the
fluid-reservoir holder 21 are shown mounted on the shared platen 89 which is movable in an X-
Y plane when disposed beneath the printhead 12. The shared platen 89 may be operated to
access both the substrate-holder storage 70 and the fluid reservoir holder storage 83. The
substrate-holder storage or “hotel” 70 includes a vertically mobile rack of vertically-separated
receptacle spaces into which substrate-holders 18, along with the substrates 16 mounted thereon,
may be initially manually or automaticauy installed. Each substrate-holder 18 is supported in the
substrate-holder storage 70 by rails 92 which extend slightly under the substrate-holder 18 on
opposite sides. Each receptacle is spaced apart, or can be moved apart, by a distance that will
permit access between the receptacle spaces by the platen 89 of the microatrayer assembly 10.
In one embodiment, substrate-holders 18 are transferred to the platen 89 of the microarrayer
assembly 10 by:

a) vertically moving the rack of substrate-holders 18 in the substrate-holder storage 70 to
position a space below the substrate-holder 18 to be removed in the plane of motion of
the platen 89. The space must be large enough for entry of the platen 89,

b) moving the platen 89 beneath the substrate-holder 18 to be transferred,

c) vertically moving the substrate-holders 18 in the substrate-holder storage 70 to lower the
desired substrate-holder 18 onto the platen 89 such that the inserts 54 of the substrate-
holder 18 contact and engage the datums 64 on the platen 89 to accurately position the
substrate-holder 18 on the platen 89 in a defined plane as earlier described. At this time,
the substrate-holder 18 is no longer supported by the rails 92,

d) moving the platen 89 in the y dimension to withdraw the substrate-holder 18 from the

substrate-holder storage 70.
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[00125] Returning a substrate-holder 18 to the substrate-holder storage 70 may be effected
by the same series of steps in reverse. An equivalent set of steps may be used to load and unload
fluid-reservoir holders 21 from the fluid-reservoir holder storage 83.

iif) Microarrayer Architectures With Separate Substrate Motion and Fluid Reservoir Motion
[00126] With reference to FIG. 10, another embodiment of a microarrayer assembly 200 is
illustrated. In this embodiment, the motion of a printhead 212 including one or more deposit
elements 214 is coordinated with the motions of a substrate-holder support 219 and a fluid
reservoir holder support 222 which are actuatable in separate X-Y planes The substrate-holder
support 219 and the fluid reservoir holder support 222 are independently mobile, but move in a
coordinated manner to effect the deposition of fluid droplets upon substrates 216. The substrate-
holder 218 and the fluid reservoir holder 221 are respectively held on the substrate-holder
support 219 and on the fluid reservoir holder support 222 using the planar referencing systems
described earlier. In another embodiment, a fluid reservoir 220 is directly positioned on the fluid
reservoir holder support 222 using the planar referencing systems described earlier without the
use of a holder 221.

[00127] With continued reference to FIG. 10, the fluid-reservoir holder support 222, in
one embodiment, may:

a) move such that any desired location of the fluid reservoir 220 is positioned directly below
the deposit elements 214 of the print head 212 to allow charging or re-charging of those
deposit elements 214 by having the deposit elements 214 dip into the fluids held in the
fluid reservoir 220.

b) move clear of the vertical path of the print head 212 assembly to allow the print head 212
to descend below the X-Y plane in which the fluid reservoir 220 moves when disposed
beneath the printhead to i) deposit droplets of fluid onto the substrates 216 or ii) access a

wash station 224, which is vertically below the printhead 212.
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move clear of the vertical path of the printhead 212 into an area in which the fluid-
reservoir holder 221 can be accessed for manual or robotic replacement of the fluid-

reservoir holder 221, for example, to a storage 270.

[00128] Similarly, the substrate-holder support 219 may move in a plane displaced from

5 the plane of motion of the fluid-reservoir holder support 222 to:

a)

10

b)

15

d)

20

position the substrates 216 such that any desired respective set of printing locations on
any substrate 216 is directly below the deposit elements 214 of the printhead 212 to allow
deposition of a fluid sample, or fluid samples, on the substrate 216 when the printhead
212 is lowered such that the tip 226 of each deposit elements 214 is in contact with, or
the droplet of fluid on the tip 226 of each deposit elements 214 is in éontact with, the top
surface 217 of the substrate 216,

move clear of the vertical path of the printhead 212 to enable the printhead 212 to -
descend unobstructed below the x-y plane in which the substrate-holder support 219
moves when it is disposed beneath the printhead 212 to access cémponents or equipment
below such as the wash station 224, and

move clear of the path of the printhead 212 into an area from which the substrate-holder
218 may be accessed for its manual or robotic removal or replacement for the purpose of
removal or replacement of the substrates 216, for example, to the storage 270.

Position sensing (e.g. using position encoders) allows automated monitoring of the
location of the substrate-holder support 219, the fluid-reservoir holder support 222, and
the printhead 212. Computer control inhibits any motions of these components that

would result in unintentional contact hetween them.

[00129] Deposition of droplets of biological or chemical liquid material upon the

substrates 216 may be achieved in one embodiment by: (note: this procedure assumes that the

25 deposit elements 214 for example, solid pins 214, are clean and that the fluid reservoir(s) 220
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and the substrates 216 are already supported on the fluid reservoir holder support 222 and the

substrate-holder support 219 respectively):

a)
b)

d)

g)

moving the printhead 212 to a fully raised position in a Z-axis,

moving the ﬂuid—reser\;oir holder support 222 in an X-Y plane to align a first set of wells
of the fluid-reservoir 220 under the deposit elements 214 of the printhead 212 while
simultaneously moving the substrate-holder support 219 in tandem with the fluid- |
reservoir holder support 222 such that the absolute distance between the fluid-reservoir
220 and the substrates 216 remains substantially constant,

moving (lowering) the printhead 212 in the Z-axis such that the tips 226 of the deposit
elements 214 are immersed in the fluid samples and small amounts of fluid are captured

on the tips of the deposit elements 214 when the deposit elements 214 are subsequently

* lifted out of the liquid samples,

moving (raising) the printhead 212 away from the fluid-reservoir 220 a sufficient
distance that the fluid-reservoir 220 can be moved in its X-Y plane without contacting the
deposit elements 214 or any part of the printhead 212,

moving the fluid-reservoir 220, in its X-Y plane, away from the vertical path of the
printhead 212 towards its starting position to allow the printhead 212 to descend below
the X —Y plane of the fluid-reservoir 220,

moving the substrate-holder support 219 to align a first set of desired print locations on
one substrate 216 under the printhead 212,

lowering the printhead 212 in the Z-axis such that the tip 226 of each deposit element 214
is in contact with, or the droplet of fluid on the tip 226 of each deposit element 220 is in
contact with, the top surface 217 of the substrate 216, thereby depositing small droplets

of fluid (one droplet per pin) onto the top surface 217 of the substrate 216,
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h) raising the printhead 212 above the X-Y planes of both the fluid-reservoir-holder support

i)
5

)
10

k)
15 D
20

222 and the substrate-holder support 219 such that either can move in their respective
planes without contacting the deposit elements 214 or any part of the printhead 212,
moving the substrate-holder support 219 away from the vertical path of the printhead
212,

repeating steps b) to i) for the next set of desired deposition sites on the same substrate
216 using the first set of wells on the fluid-reservoirs 220 until all desired deposition sites
on that substrate 216 have been spotted with the fluid from that set of wells (note: users
may wish to spot the same sample several times on a substrate 216 so that they can assess
repeatability),

repeating steps b) to i) for desired deposition sites on the second substrate 216 and on all
other desired substrates 216 on the substrate-holder 218 using the same set of wells until
all desired deposition sites on all substrates 216 have been spotted with the fluid from the
first set of wells of the fluid reservoir 220,

once all desired deposition sites on all substrates 216 on the substrate-holder 218 have
been spotted with the fluid samples from the first set of wells on the fluid-reservoir 220,
moving both the fluid-reservoir holder support 222 and the substrate-holder support 219
aside in their respective X —Y planes to allow the printhead 212 to descend to a wash
station 224 where the deposit elements 214 are washed and dried to avoid carryover of

fluid samples to the next set of printed spots, and

m) repeating sequence a) through 1), but now for the next set of fluid samples (i.e. the next

set of wells in the fluid-reservoir 220) and then for all sets of fluid samples until all
desired samples (perhaps from multiple fluid-reservoirs 220) have been spotted on all

desired deposition sites on all substrates 216.
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[00130] In another embodiment, it may be desirable to add wash-and-dry cycles to the
spotting sequence described above, after a certain number of droplets have been deposited to
avoid evaporative sample build-up on the deposit elements 214. These intermediate wash-and-
dry cycles have been ignored in the above description to avoid complicating the narration of the
deposition procedure.

[00131] In FIG. 10, the fluid reservoir holder support 222 moves, when disposed beneath
the printhead 212, in an x-y plane above the x-y plane of motion of the substrate-holder support
219. In another embodiment, the substrate-holder support 219 may move in a plane of motion
that is above the plane of motion of the fluid-reservoir holder support 222. In this arrangement,
the fluid-reservoir holder support 222 may be held stationary beneath the printhead 212
throughout the printing cycle for a given set of wells of the fluid-reservoir 220.

[00132] In one embodiment, the procedure to deposit fluid on a substrate 216 using the
alternative setup just described is as follows. As a first step, the desired first set of wells of the
fluid-reservoir 220 are positioned below the deposit elements 214 of the printhead 212. The tips
226 of the deposit elements 214 are then immersed in the fluid samples by lowering the
printhead 212. As a further step, the printhead 212 is raised before the substrate-holder support
219 travels to position a desired set of print locations below the printhead 212. The printhead
212 is then lowered to deposit fluid on the substrate 216 and then raised before the substrate-
holder support 219 is moved away from the vertical path of the printhead 212. In the next step,
the printhead 212 is lowered again into the same wells of the fluid-reservoir 220. This process is
continued until all desired deposition locations have been spotted from the first set of wells on
the fluid-reservoir 220. After moving the substrate-holder support 219 and fluid-reservoir holder
support 222 aside to wash the deposit elements 214, a new set of wells are located under the

deposit elements 214 of the printhead 212. This process is repeated until all desired fluid

samples have been deposited at all desired locations on all desired substrates 216.
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[00133] In other embodiments, it will be appreciated that a storage 270 and a means for
transferring the substrate-holders 218 and th;z fluid-reservoir holders 221 between the storage
270 and the substrate-holder support 219 and the fluid-reservoir holder support 222 may be
provided. The transfer of substrate-holders 219 and fluid-reservoir holders 221 to and from the
storage 270 and their respective mobile supports 219, 222 can be implemented in the same
manner earlier described.

[00134] The various architectures described may be used with solid pins 214 since the
architectures can be used to minimize the cycle time for the continuous dip-and-deposit cycle
that is required when using solid pins 214. Furtherrhore, in the described architectures, since the
deposit elements 214 make the same vertical motion cycle for every deposition ( i.e. the vertical
path of the tip 226 of any deposit element 214 is the same for any deposition), the architectures
are suitable for spotting fluids using the “equal exposure time” method with relatively little
impact on overall deposition rates. Moreover, since the printhead 212 does not move laterally,
there is no differential drying effect on one side of the pin 214 as would be experienced from
“windage” effects in embodiments where the printhead is moved in an X-Y plane. Differential
drying on one side of the pin 214 can affect the shape of the deposited droplet. Using the
architectures described, drying of the sample on the pin 214 will occur uniformly around the pin
214 since the printhead 212 is only moved vertically.

iv) Microarrayer Architectures With a Plurality of Printheads

[00135] The separation of planar motions of the substrates holder support and the fluid
reservoir support, combined with motion of the printhead in an axis perpendicular to the
supports, permits further architectures to be developed that significantly increase deposition
rates. The resulting architectures are particularly beneficial for increasing the deposition rates
that may be achieved using solid pins. However, other deposition elements such as quill pins,

pens and ink jet devices can also be effectively used.
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[00136] With reference to FIG. 11, a microarrayer assembly 310 having a plurality of
printheads 312 is illustrated. In the illustrated embodiment, the motion of two independently
mobile printheads 312a, 312b (collectively 312), each including one or more deposit elements
314, for instance solid pins 314, and each constrained to move in a vertical axis (the Z-axis), are
coordinated with the motions of a) a substrate-holder support 319, which may move in any
direction within an x-y plane substantially perpendicular to the aforementioned vertical axis
when disposed beneath the printheads, and b) a fluid-reservoir holder support 322, which may
move in any direction within an x-y plane separate from the plane of motion of the substrate-
holder support 319 when disposed beneath the printheads, also essentially perpendicular to the
aforementioned vertical axis. The axes of motion of the printheads 312a and 312b are parallel
and displaced from each other laterally (horizontally). The substrate-holder support 319 and
fluid-reservoir holder support 322 are independently mobile, but move in a coordinated manner
to effect the deposition of fluid droplets upon the substrates 316. The substrates 316 and the
fluid-reservoirs 320 may be respectively mounted on a substrate-holder 318 and a fluid reservoir
holder 321 as earlier described. The required motorized linear stages associated with the X, Y
and Z motions have been omitted from the drawing for clarity.

[00137] With continued reference to FIG. 11, the stages holding the two printheads 312
are mounted at the same height, and are separated in the Y dimension by a distance larger than
the width of the substrete-holder 318 (or its support holder 319 if larger). The deposit elements
314 are mounted in the printheads 312 with a repetitive spacing which is a function of the well
spacing of the fluid-reservoirs 320.

[00138] The fluid reservoir 320 (such as a microplate, with 96 wells, or a multiple of 96
wells), for supplying fluid samples to the tips of the deposit elements 314 of the printheads 312

is mounted on a fluid-reservoir holder 321, which in turn is held on the robotically controlled
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substrate-holder support 322 using the planarization system deséribed earlier. In one
embodiment, the fluid-reservoir-holder support 322 may:

a) move such that any set of wells of the fluid-reservoir 320 are positioned directly below
the deposit elements 314 of either of the printheads 312 to allow charging or re-charging

5 of those deposit elements 314 by having the deposit elements 314 dip into the fluids held
in the wells,

b) move clear of the vertical path of the printheads 312 to allow the printheads 312 to
descend below the X-Y plane in which the fluid-reservoir 320 moves when disposed
beneath the printhead to 1) deposit spots of fluid onto the substrate 316, or ii) access wash

10 stations 324 below (in the illustrated embodiment, there are separate wash stations 324
for‘ each printhead 312, although in another embodiment a single mobile wash station is
used), and

¢) move clear of the Veﬁical paths of both printheads 312 into an area in which the fluid-
reservoir holders 321 can be accessed for manual or robotic replacement of the fluid-

15 reservoir holders 321 (and hence the fluid reservoirs 320).
[00139] The substrate-holder support 319 is mechanically arranged such that, in one
embodiment, it may:

a) move such that any desired respective set of printing locations on any substrate 316 can
be positioned directly below the deposit elements 314 on either printhead 312 to allow

20 deposition of a fluid sample, or fluid samples, on the substrate 316 when the printheads
312 are lowered such that the tip 326 of each deposit elements 314 is in contact with, or
the droplet of fluid on the tip 326 of each deposit element 314 is in contact with, the top
surface 317 of the substrate 316,

b) move clear of the vertical path of the printheads 312 to allow the printheads 312 to

25 descend below the X-Y plane in which the substrate-holder support 319 moves when
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disposed beneath the printheads to access a wash station 324, or wash stations 324,
below, and
¢) move clear of the path of the printheads 312 into an area from which the substrate-holder

318 may be accessed for manual or robotic removal or replacement of the substrate-

holder 318 for the purpose of removal or replacement of the substrates 316.

[00140] Deposition of droplets of biological or chemical fluid material upon the
substrate(s) 316 may( be achieved with two printheads 312, for example, using either of two
methods: sequential or concurrent washing. The method associated with sequential washing is
described first (note: this procedure assumes that the deposit elements 314 of both printheads
312 have been washed and that fluid-reservoirs 320 and substrates 316 are already installed in
the microarrayer assembly 310). Droplet deposition using a sequential washing cycle may be
achieved by the following sequence of actions; however, other motion sequences may also be
used, and the following is by way of example only:

a) move printheads 312a, 312b to their fully raised positions,

b) move the fluid-reservoir holder support 322 in the X-Y plane to align a first set of
wells of the fluid-reservoir 320 under the deposit elements 314 of the printhead 312a
while simultaneously moving the substrate-holder support 319 in tandem with the
fluid-reservoir holder support 322 such that the absolute distance between the fluid-
reservoir holder support 322 and the substrate-holder support 319 remains
substantially constant,

¢) move the substrate-holder support 319 to align a first set of desired print locations on
a first substrate 316 under the deposit elements 314 of the printhead 312a,

d) lower the printhead 312a in the Z-axis such that the tips 326 of the deposit elements

314 of the printhead 312a are immersed in the first set of fluid samples, and a small
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amount of fluid is captured on the tips 326 of the deposit elements 314 when the
deposit elements 314 are subsequently lifted out of the wells,

raise the printhead 312a away from the fluid-reservoir 320 a sufficient distance such
that the fluid-reservoir holder support 322 can be moved in its X-Y piane without
contacting the deposit elements 314 or the printheads 312,

move the fluid-reservoir holder support 322 away from the vertical axis of the
printhead 312a to enable the printhead 312a to descend unobstructed below the X —Y
plane of motion of the fluid-reservoir holder support 322,

lower the printhead 312a in the Z-axis such that the tip 326 of each deposit element
314 is in contact with, or the droplet of fluid on the tip 326 of each deposit element
314 is in contact with, the top surface 317 of the substrate 316, thereby depositing
small droplets of fluid (one droplet per deposit element 314) onto the top surface 317
of the substrate 316,

raise the printhead 312a above the X-Y planes of motion of both the fluid-reservoir
holder support 322 and the substrate-holder support 319 such that either can move in
their respective planes without contacting the deposit elements 314 or the printheads
312,

repeat steps b) through h) for the second and subsequent sets of desired print
locations on the first substrate 316 using the first set of wells of the fluid-reservoir
320,

when all desired print locations on the first substrate 316 have been spotted using the
first set of wells of the fluid-reservoir 320, repeat b) through h) for the next and
subsequent substrates 316 with the first set of wells of the fluid-reservoir 320,

at the completion of spotting of all substrates 316 with the first set of wells of the

fluid-reservoir 320, move the fluid-reservoir holder support 322 in its X-Y plane of
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motion to align a second set of wells of the fluid-reservoir 320 under the deposit
elements 314 of the printhead 312b while simultaneously moving the substrate-holder
support 319 in tandem with the fluid-reservoir holder support 322 such that the
absolute distance between the fluid-reservoir holder support 322 and the substrate-
holder support 319 remains substantially constant,

repeat steps ¢) through j), but now using the printhead 312b. While the printhead
312b is spotting, the deposit elements 314 of the printhead 312a are washed. After
washing, the printhead 312a is raised to its fully raised position above the X-Y planes
of motion of the substrate-holder support 319 and the fluid-reservoir holder support
322, and the printhead 312a waits unused until the printhead 312b enters a wash

cycle, and

m) continue repeating the above described sequence, changing operating printheads 312

[00141]

at each wash cycle event, until a]l desired print locations are spotted on alli substrates
316 from all desired sets of wells in the fluid-reservoir(s) 320,

Alternatively, deposition of droplets of biological or chemical fluid material upon

the substrate(s) 316 can be achieved with the two printheads 312a, 312b using the concurrent

washing method. With continued reference to FIG. 11, one example of the concurrent washing

method is as follows:

a)
b)

c)

move thevprintheads 312a, 312b to their fully raised positions as shown in FIG. 11,
move the substrate-holder support 319 under the printhead 312b,

move the fluid-reservoir holder support 322 in its X-Y plane of motion to align a first
set of wells of the fluid-reservoir 320 under the deposit elements 314 of the printhead

312a,
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d) move the substrate-holder support 319 to align a first set of deposition locations on

g)

h)

the first substrate 316 for the first set of fluid samples under the deposit elements of
the pfinthead 312a,

lower the printhead 312a in the Z-axis such that the tips 326 of the deposit elements
314 of the printhead 312a are immersed in the first set of fluid samples, and a small
amount of fluid is captured on the tips 326 of the deposit elements 314 when the
deposit elements 314 are subsequently lifted out of the liquid samples,

raise the printhead 312a away from the fluid-reservoir holder support 322 a sufficient
distance that the fluid-reservoir 320 can be moved in its X-Y plane of motion without
contacting the deposit elements 314 or the printhead 312a,

move the fluid-reservoir holder support 322 in it’s X-Y plane of motion to align a
second, new set of wells of the fluid-reservoir 320 under the pins 314 of the printhead
312b. The separation of the printheads 312a, 312b is such that with any set of wells
of the fluid-reservoir(s) 320 located under the deposit elements 314 of the printhead
312b, the printhead 312a can descend unobstructed below the X ~Y plane of motion
of the fluid-reservoir holder support 322,

lower both printheads 312a, 312b in the Z-axis such that (i) the tips 326 of the deposit
elements 314 of the printhead 312a are in contact with, or the droplet of fluid on the
tip 326 of each deposit element 314 of the printhead 312a is in contact with, the top
surface 317 of the substrate 316, thereby depositing small droplets of fluid (one
droplet per deposit element 314) onto the top surface 317 of the substrate 316, and (ii)
the tips 326 of the deposit elements 314 of the printhead 312b are immersed in the
second set of fluid samples, and are charged with fluid samples,

raise both printheads 312a, 312b above the X-Y planes of motion of both the fluid-

reservoir holder support 322 and the substrate-holder support 319 such that the fluid-
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reservoir holder support 322 and the substrate-holder support 319 can move in their
respective planes without impacting the printheads 312a, 312D,

move the substrate-holder support 319 such that the first set of desired deposition
locations on the first substrate 316 for the second set of fluid samples is directly
below the deposit elements 314 of the printhead 312b,

move tﬁe fluid-reservoir holder support 322 such that the first set of wells of the
fluid-reservoir 320 is again directly below the deposit elements 314 of the printhead
312a,

lower both printheads 312a, 312b in the Z-axis such that (i) the tips 326 of the deposit
elements 314 of the printhead 312b are in contact with, or the droplet of fluid on the
tip 326 of each deposit element 314 is in contact with, the top surface 317 of the
substrate 316, thereby depositing small droplets of fluid (one droplet per deposit
element 314) onto the top surface 317 of the substrate 316, and (ii) the tips 326 of the
deposit elements 314 of the printhead 312a are immersed again in the first set of wells

of the fluid-reservoir 320 and are recharged with fluid samples,

m) raise both printheads 312a, 312b above the X-Y planes of motion of both the fluid-

reservoir holder support 322 and the substrate-holder support 319 such that both the
fluid-reservoir holder support 322 and the substrate-holder support 319 can move in
their respective planes without impacting the printheads 312a, 3 12b,

move the substrate holder support 319 to align a second set of deposition locations on
the first substrate 316 for the first set of fluid samples under the deposit elements 314
of the printhead 312a,

move the fluid-reservoir holder support 322 in its X-Y plane of motion to align the
second set of wells of the fluid-reservoir 322 under the deposit elements 314 of the

printhead 312b,
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p) repeat steps h) through o), but now for the second, and all other desired deposition
locations, until all desired deposition locations on the first substrate 316 have
received depositions from the first two sets of wells of the fluid-reservoir 320,

q) repeat the above sequence until all desired substrates 316 on the substrate-holder 318
have been spotted from the first two sets of wells of the fluid-reservoir 320,

r) move the ﬂuid—reservéir holder support 322 and the substrate-holder support 319
away from the axes of motion of both the printheads 312a, 312b and lower the
printheads 312a, 312b to the wash stations 324 below,

s) after washing the deposit elements 314 of both printheads 312a, 312b concurrently,
restart at step a) but with the use of the third and fourth set of wells on the fluid-
reservoir 320, and

t) repeat the above sequence for each subsequent set of wells on the fluid-reservoir 320
until all desired deposition locations on all substrates 316 on the substrate-holder 318
have been spotted from all wells of the fluid-reservoir 320.

[00142] Although the microarrayer assembly 310 illustrated in FIG. 11 includes) the fluid-
reservoir holder support 322 moving in an X-Y plane of motion above the plane of métion of the
substrate-holder support 319, in another embodiment, the substrate-holder support 319 moves in
an X-Y plane of motion that is above the plane of motion of the fluid-reservoir holder support
322. Further embodiments may include any of the microarrayer assembly components earlier

described, for instance, a substrate-holder storage and a fluid-reservoir holder storage. The

described printing methods can also be altered to provide equal exposure time printing.

[00143] Notwithstan&ing the suitability of the architecture shown in FIG. 11 for use with
solid deposition pins 314, the architecture can also be used with quill pins, pens or ink jet
devices. One beneficial aspect of the architecture of FIG. 11 using these devices is the potential

minimization of, or elimination of, spotting time lost because of washing. Wash times for quill
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pins, pens and ink-jet devices can be longer than that for solid pins 314 because of the difficulty
in flushing sample fluids from inner, less-accessible surfaces. Using a sequential wash method
and the architecture of FIG. 11, deposition rates using quill pins, pens, or aspirating ink-jet
dispensers may be increased substantially since one printhead 312 may continue deposition
operations while the deposit elements 314 on the other printhead 312 are being washed.

[00144] With reference to FIG. 12, in another embodiment, the deposition rate of a
microatrayer assembly 410 may be increased by using four independently mobile printheads
412. One advantage of this embodiment is that the deposition rate benefit derived from the
interlacing of dip-and-deposit actions of two printheads as described with respect to FIG.11 can
be achieved without losing any deposition time due to a wash cycle. In the illustrated
embodiment, the motion of the four independently mobile pril‘atheads 412, each constrained to
move in a vertical axis, are coordinated with the motions of a) a substrate-holder support 419,
which may move in any direction within a plane substantially perpendicular to the
aforementioned vertical axis when it is disposed beneath the printheads, and b) a fluid-reservoir
holder support 422, which may move in any direction within a separate plane when it is disposed
beneath the printheads, also essentially perpendicular to the aforementioned vertical axis, that is
displaced from the plane of motion of the substrate-holder support 419. The axes of motion of
the printheads 412 are parallel and displaced from each other laterally (horizontally). The
printheads 412, in one embodiment, may be arranged linearly, or, as shown, in the form of a
square or rectangle. The substrate-holder support 419 and the fluid-reservoir holder support 422
are independently mobile, but move in a coordinated manner to effect the deposition of fluid
droplets upon the substrates 416. Position sensing (e.g. using position encoders) allows
automated monitoring of the location of the ;rnobile elements of the microarrayer assembly 410

and computer control inhibits any undesired contact between the components of the assembly

410. As before, the fluid reservoirs and substrates are respectively disposed on the substrate-
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holder support 419 and the fluid-reservoir holder support 422 and are accurately positioned
within a known and defined plane and at a known location within the plane.
[00145] In the four-printing-head architecture, two printheads 412a and 412b are initially
alternating in interlaced “dip-and-deposit” actions (one is recharging its deposit elements 414 in
the fluid-reservoir 420, while the other is depositing onto the substrate 416, and then vice versa),
and the other two printheads 416¢ and 416d, are washed and then wait to be used. When a wash
cycle is required for the first pair of printheads 412a, 412b (for instance at the conclusion of their
depositing a set of fluid samples at all desired deposit locations on all substrates 416 on the
substrate-holder 418), the fluid-reservoir-holder support 422 and substrate-holder support 419
are moved beneath the other pair of printheads 412¢, 412d which then take over the printing
operations. For each pair of printheads, in one embodiment, the interlaced dip-and-deposit
actions follow the principles outlined in the “concurrent wash” method previously described for
the two printing-head assembly illustrated in FIG. 11.
[00146] In other embodiments, the use of:
a) a plurality of independently mobile printheads, each constrained to move in parallel
single axes, coupled with
b) the motion ofa ﬂuid—reéervoir in any direction within a plane perpendicular to the single
axes when disposed beneath the printheads, and
¢) independent motion of a substrate in any direction within a plane perpendicular to the
single axes but displaced from the plane of motion of the fluid-reservoir when disposed
beneath the printheads
can be extended to any number of printheads to improve droplet deposition rates. All such
embodiments are included within the scope of the invention.

v) Microarrayer Architectures With a Plurality of Deposition Engines
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[00147] Microarrayer components that include inserts that engage datums on another
piece of equipment, as previously described, permit such components to be loaded into a
microarrayer assembly with precise, repeatable positioning. For example, when the substrates
are top-referenced in the substrate-holder, the top-surfaces of the substrates ma}lf be positioned in
a known plane and absolute position with respect to the printhead. Similarly, the use of fluid-
reservoir holders incorporating inserts that include reference surfaces that engage datums

disposed on a fluid-reservoir holder support, as previously described, permits such fluid-

reservoir holders to be loaded into a microarrayer assembly with precise, repeatable positioning

- of the fluid-reservoirs with respect to the printhead. The ability to repeatably and accurately load

substrate-holders and fluid-reservoirs or fluid-reservoir holders into a microarrayer assergbly
enables a variety of other architectures to be developed that increase throughput. For instance, in
one embodiment, a multi-engine microarrayer assembly increases throughput by arranging a
plurality of “deposition engines” to operate together in a cooperative manner. A “deposition
engine,” as the term is used herein, includes the functionality to a) deposit fluid droplets upon
substrates mounted on substrate-holders, b) optionally load and unload fluid-reservoirs from an
external conveyor and ¢) load and unload substrate-holders from an external conveyor.
Concatenating a plurality of modular deposition engines enables scalability in the design of a
microarrayer apparatus to achieve a desired level of throughput (i.e., depositions per hour).
Autonomous operation of such a microarrayer assembly is enabled by:

i) automated supply and return of fluid-reservoirs (or of fluid-reservoir holders with fluid-
reservoirs thereon) in aspirating systems between a fluid-reservoir storage and the deposition
engines, for instance, by the conveyor, and

ii) automated supply and return of substrate-holders between a substrate-holder storage and the

deposition engines, for instance by a conveyor.



10

15

20

WO 2005/042146 PCT/US2004/035101
67

[00148] In addition, the ability to replenish source-material fluid-reservoirs and substrates
during the printing process by re-stocking the fluid-reservoir storage and the substrate-holder
storage facilitates continuous printing operation with minimal or no cessation in printing
operations.

[00149] With reference to FIG. 13, one embodiment of a microarrayer assembly 510 that
includes a plurality of deposition engines 515 is illustrated. The assembly utilizes non-aspirating
ink-jet devices. A non aspirating ink-jet deposition device is a device that is fed a continuous
stream of sample fluid, (for instance via a tube from a large reservoir 517) thereby eliminating
the need to aspirate fluid from a fluid-reservoir, such as a microplate. Each deposition engine
515 shown in FIG. 13 represents a deposition engine using one or more non-aspirating ink-jet
devices. Depositions are performed inside the deposition engines using substantially the same
spotting techniques as earlier described,l and are therefore not repeated here.

[00150] With continued reference to FIG. 13, substrate-holders 518 are initially installed
in the substrate-holder storage 570a. To deposit fluid droplets upon the substrates 516, a
substrate-holder 518 with substrates 516 thereon is removed from the substrate-holder storage
570a and passed, via a conveying system 523, to deposition engine 515a, which loads the
substrate-holder 518 by placing it on a substrate-holder support 519 and commences deposition
operations upon the substrates 516 thereon. Once the fluid samples of the deposit engine 515a
have been deposited on all the substrates 516 on the substrate-holder 518, the substrate-holder
518 is moved from the deposit engine 515a to the deposit engine 515b, and a new substrate-
holder 518 is loaded into deposit engine 515a. When both engines 515a and 515b have
completed deposition operations, the first substrate-holder 518 is passed to deposit engine 515¢
and the second substrate-holder 518 is passed to deposit engine 515b, and a new substrate-holder
518 is removed from the substrate-holder storage 570a and installed into the deposit engine 515a.

The sequence of passing substrate-holders 518 from engine to engine continues until all engines



10

15

20

25

WO 2005/042146 PCT/US2004/035101
68

have deposited all fluid samples on all substrates 516 of all substrate-holders 518, and all the
substrate-holders 518 have been installed in substrate-holder storage 570b. Two substrate-holder
storages 570a and 570b are shown in FIG. 13, however in some embodiments, only a single
substrate-holder storage 570 is used to dispense and receive substrate-holders 518.

[00151] With reference to FIG. 14, another embodiment of a multiple deposition engine
microarrayer assembly 610 is illustrated. In this embodiment, which uses solid pins, pens, or
aspirating iﬁk—j et devices within each deposit engine 615, two conveyor systems 623, 624 are
used. The first conveyor 623 transfers substrate-holders 618 and the second conveyor 624
transfers fluid-reservoir holders 621 with fluid reservoirs 620 secured thereon or alternatively a
fluid reservoir 620 that is not secured on a holder 621. In the illustrated embodiment, four
deposition engines 615 are shown; however, any other number of deposition engines 615 can be
concatenated to achieve a desired level of throughput.

[00152] Several methods exist for operating the assembly of F IG. 14. In one embodiment,
four substrate-holders 618 are removed from the substrate-holder storage 670a and installed in
the four engines 615a, 615b, 615¢, 615d via the robotic conveyor system 623. Next, the first
fluid-reservoir holder 621 holding a fluid-reservoir 620 is removed from the fluid-reservoir
holder storage 683a and installed, via the robotic conveyor 624, in the deposit engine 615a. All
fluid samples in the first fluid-reservoir 620 are deposited on all the substrates 516 on the first
substrate-holder 518. The first fluid-reservoir holder 621 is then transferred to the deposit engine
615D, via the robotic conveyor 624, and a second fluid-reservoir holder 621 is installed, from the
fluid-reservoir holder storage 683a into the deposit engine 615a. Now both the deposit engine
615a and the deposit engine 615b operate to deposit all fluid samples from the respective fluid-
reservoirs 620 onto all the substrates 616 on the respective substrate-holders 618. After the
completion of spotting operations, the first fluid-reservoir holder 621 is transferred to the deposit

engine 615c, the second fluid-reservoir holder 621 is transferred to the deposit engine 615b, and
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a new third fluid-reservoir holder 621 is installed in the deposit engine 615a, via the robotic
conveyor 624. The engines 615a, 615b, 615¢ operate to deposit all fluid samples from the
respective fluid-reservoirs 620 onto all the substrates 616 on the respective substrate-holders
618. The same process is repeated to spot from a fourth fluid-reservoir 620 and so on. Asa
further step, the first fluid-reservoir holder 621 holding the first fluid reservoir 620 is transferred
into the fluid-reservoir holder storage 683b as the fluid-reservoirs 620 continue to pass down the
line of deposition engines 615. The sequence of passing the fluid-reservoirs holders 621 from
engine to engine continues until all the fluid-reservoir holders 621 are transferred to the fluid-
reservoir holder storage 683b. At this point, the four substrate-holders 618 installed in the four
engines 615 have received all fluid éamples on all of their respective substrates 616. Therefore,
the substrate-holders 619 are removed from the deposit engines 615 and transferred to the
substrate-holder storage 670b, and four fresh substrate-holders 618 are loaded into the deposit
engines 615 via the robotic conveyor 623. The process described above is then repeated, but
with the fluid-reservoir holders 621 now moving from fluid-reservoir holder storage 683b to
fluid-reservoir holder storage 683a.

[00153] In another embodiment, rather than passing fluid-reservoirs 621 between deposit
engines 615 as just described; substrates 616 or substrate holders 619 are passed between the
deposit engines 615, and the fluid reservoirs 620 or fluid reservoir holders 621 are initially
loaded into the engines 615.

[00154] Deposition operations of the arrayer engines in a multi-engine assembly such as
that described can be performed synchronously or asynchronously. In synchronous operation,
the printheads, substrate-holder supports, and fluid-reservoir holder supports in each deposition
engine move in unison to deposit fluid on the substrates. In asynchronous operation, the
deposition actions involving any motion of printheads, substrates or microplates within an engine

are independently controlled. However, the deposition engines remain coordinated with respect
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to starting and ceasing deposition operations and transferring of fluid-reservoir holders and
substrate-holders between engines and storage centers. Various other components may be shared
between the engines, such as a computer control system and operator interfaces, a cover, a
heating, cooling, and humidification control system, air filters, vacuums, water supplies, and
pressure supplies.

[00155] The multi-deposit engine microarrayer assemblies described above may include
any of the features earlier described, for instance, one, two or four independently mobile
printheads.

[00156] In further embodiments, the above microarrayer assemblies 10, 210, 310, 410,
510, 610 may include a variety of other features. For instance, in one embodiment, a sensor is
included for sensing the presence or absence of a substrate-holder within the receptacle (or bay)
of a substrate-holder storage, or within a microarrayer, or within a deposition engine of a multi-
engine microarrayer. The sensor can be of any type including, but not limited to, optical,
capacitive, inductive, magnetic, infra-red, radio frequency or electro-magnetic. A sensor based
on the making or breaking of an electrical circuit may also be used. Similar sensors may be used
for sensing the presence or absence of fluid-reservoirs or fluid-reservoir holders in the
microarrayer assemblies. In another embodiment, a sensor may be included for sensing the
height of fluid within each well of a fluid reservoir. The presence of fluid heights outside a
desired specified range may adversely effect the fluid capture by the deposition element and the
consistency of fluid droplet deposition on the substrates. The sensor can be of any type
including, but not limited to, optical (direct measurement using modulated transmission, or
indirect measurement using physical displacement of a beam reflected from the fluid surface at
an angle other than perpendicular incidence), and infra-red or radio frequency.

[00157] Another use for the microarrayers described above is to produce cell arrays. Cell

arrays are composed of individual cells (or small quantities of cells) deposited in ordered arrays
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upon a substrate such as a glass slide or a m7ulti-well target plate. Whereas the deposited volume
and the size of the printheads used to produce cell arrays may be larger than that used for
genomic or proteomic microarrays, such arrays may be generated by the techniques and methods
disclosed herein and are included with the scope of the present invention.
vi) Spotting a Binding Agent on a Substrate:
[00158] Microarray substrates used for the capture of biological materials are usually '
coated over their entire surface with a material that binds biological molecules. Typically, a
certain first set of biological molecules are spotted onto the coating in specific spot locations to
bind to the coating in those locations. A sample of biological material under test is then
effectively washed over the set of spots such that biological interaction; between the set of
molecules first spotted and the sample can be identified by locating the attachment of the sample
to the substrate. It is common, however, in genomic and proteomic microarray experiments for
the sample to also bind to the slide coating in an undesired, non-specific manner (i.e. not related
to a particular genome sequence or fold structure).
[00159] A potential solution for this problem is to only place the “binding agent” material
on the slide in the location where the first set of biological molecules are to be placed. The rest
of the sgbstrate’s surface can be left bare, or with a coating of material that will inhibit or
suppress non-specific binding. Using this concept, the binding agent can be deposited on the
substrate in spot locations that are later re-spotted with the set of biological molecules. Some of
the microarrayer embodiments herein described, in particular a) the ability to accurately position
substrates repeatedly under a printhead using a substrate-holder that is positioned in a known
location and b) the provision and use of multiple printheads, may be used to realize the above
technique. Using the architectures described, a series of materials having different functions,

may be spotted onto the same location on a substrate. It is also possible to deposit the sample
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only at the locations of the first set of biological molecules, instead of washing it over the entire

array, resulting in significant reduction in the amount of sample required.

2) Tissue Arrayer Embodiments

[00160] The embodiments described in the foregoing for the dispensing of fluid droplets
in the form of microarrays are readily adapted to an apparatus for the deposition of semi-solid or
solid tissue samples in ordered arrays.

[00161] With reference to FIG. 15, in one embodiment of a tissue arrayer 710, donor and
receiver blocks 716, 717, for example, made of pare;fﬂn, are mounted in a block-holders 718 that
include top-referencing to maintain the top of the blocks 716, 717 in a known, consistent plane.
The system is similar to that described in FIG. 3 for use with substrates. The top surface of the
paraffin blocks are pressed from below against a reference surfaces 740 (or reference elements),
of the block-holders 718 that are machined and/or constructed to ensure that the top surface 725
of each block 716, 717 is in a desired plane, and that the block’s top surface 725 is substantially
coplanar with that of every other block 71 6, 717 held by the block-holder 71 8, if more than one
block 716, 717 is installed in the holder 718. The block 716, 717 is held against the block-
holder’s reference surfaces 740 by means of spring clips or other locking mechanisms with
resilient or biasing members. In another embodiment, a removable block-mounting fixture
similar to that described in FIGS. 4A-4C for use with substrates is provided for use with donor
and receiver blocks 716, 717. One advantage of using top-referencing as described is that the
donor and receiver blocks 716, 717 are repeatably located in the block-holder 718 at each
loading. This facilitates consistent and accurate removal of tissue cores from the donor-block
716 and consistent and accurate placement of tissue cores in the receiver block 717.

[00162] In another embodiment, the block-holders 718 include inserts designed to rest
upon datums disposed on a mobile block-holder support 789. The referencing systems

previously described for use with the microarrayer substrate holder, the substrate-holder support,
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the fluid-reservoir holder, and the fluid-reservoir holder are also applicable to the block—holder,
718 and the block-holder support 789 and will therefore not be further described. The
referencing system permits installation of the block-holders 718 onto the mobile block-holder
supports 789 of the tissue arrayer 710 in a predictable, repeatable manner such that the top
surfaces 725 of the donor and receiver blocks 716, 717 may be accurately located within a
known plane with respect to a coring head 750.

[00163] In one embodiment, overall block-holder and block-holder support system
position accuracy is within = 0.02" in the x, y, and z-axes. In a preferred embodiment, overall
block-holder and block-holder support system position accuracy is within + 0.002” in the z-axis
and within + 0.01" in the x and y axes. In a more preferred embodiment, overall block-holder
and block-holder support system position accuracy is within £ 0.0002" in the z-axis and within
+ 0.001" in the x and y axes.

[00164] Similar to the microarrayer architectures deséribed earlier, the use of block
holders 718 and block-holder suppoﬁs 789 that include a referencing system as described may
be beneficially combined with block-holder storages 770a, 770b for temporally storing a
multiplicity of block-holders 718 and the blocks 716, 717 thereon (either donor blocks or
recipient blocks). In another embodiment, a conveyor system for removing and delivering
block-holders 718 from and to the block-holder storages 770a, 770b may be included. In these
embodiments, since manual loading/unloading of blocks 716, 717 from the section of the arrayer
dedicated to coring/core-deposition is eliminated, many sources of error resulting from frequent
human access to the coring area are minimized or eliminated.

[00165] Another benefit of the present invention is that block-holders 718 are readily
loaded into, and removed from, the coring/deposition area of the tissue arrayer 710 without loss

of positional accuracy (i.e. all properly prepared block-holders 718, when mounted on the block-
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holder support 719, will have their top surfaces 725 in the same plane, and at the same location
and orientation.)

[00166] Another benefit produced by various embodiments of the invention is that the
number of blocks 716, 717 that can be processed by the tissue arrayer 710 is limited only by the
number of blocks 716, 717 on each block-holder 718 and the available number of block-holders
718 in the block-holder storages 770a, 770b. Moreover, in one embodiment, block-holders 718 -
can be removed from, and added to, the block-holder storages 770a, 770b while coring/core-
depositions are underway on an active block-holder 718 loaded in the coring/deposition area of
the arrayer 710. This facilitates continuous operation of the tissue arrayer 710.

[00167] Another benefit derived from various embodiments of the invention is that
relatively small block-holders 718, holding, for example, 2 to 10 paraffin blocks 716, 717 can be
used, since the number of blocks 716, 717 that can be processed is limited only by the capacity
of the block-holder storage 770 and not the size of the block-holder 718. The use of smaller
block-holders 718 enables the size of the deposition area and the volume of the tissue arrayer
710 to be reduced.

[00168] In another emboéliment, scalable tissue arrayer designs are possible, since the size
and functions of the coring/core-deposition equipment is no longer tied to the number of blocks
716, 717 that can be processed. For instance, embodiments using multi-engine tissue arrayers,
using the principles discussed earlier for multi-engine microarrayers, can be developed.

[00169] With reference to FIG. 15, an embodiment of an automated tissue arrayer 710 is
illustrated. Both the donor blocks 716 and the receiver blocks 717 may be moved in any
direction within a horizontal X-Y plane when disposed beneath the coring head 750. The coring
head 750 is constrained t6 move in an axis perpendicular to the X-Y plane. The coring head 750
includes two coring needles 752, 754. The first needle 752 cores receiver volumes in the

receiver-blocks 717, and the second needle 754 extracts the tissue cores from the donor block
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716 and deposits them in the aforementioned receiver volumes in the receiver block 717. In one
embodiment, paraffin cores removed from the receiver block 717 are deposited into the voids left
after coring of the donor block 716 to help maintain the latter’s structural integrity. In another
embodiment, liquid or semi-solid paraffin, or other suitable material, is injected into the voids of
the donor-block 716 to maintain the latter’s structural integrity. In a further embodiment, a
needle 756 for dispensing liquid or semi-solid paraffin is vertically mobile and is mounted on a
second vertical axis 751, offset laterally from the coring head 750 that holds first and second
needles 752, 754.

[00170] The first and second needles 752, 754 are mounted to a linear vertical stage that is
controlled by a computer 760. The vertical stage has encoders (linear or rotary) to provide
positional feedback. The position of the needles 752, 754 in the vertical axis for coring and
deposition operations is determined by the computer 760 under closed loop control. The donor
blocks 716 are top referencea and are mounted in block-holders 718. The donor block-holder
718 rests upon datums 764 disposed on a shared platen 789, as previously described. Similarly,
the receiver-blocks 717 are top referenced and are mounted in the block-holders 718. In one
embodiment, a conveyor moves donor block-holders 718 to and from a donor block-holder
storage 770a. Similarly, in another embodiment, a conveyor moves receiver-block holders to
and from a donor-block holder storage 770b.

[00171] In other embodiments in accordance with the invention, in the same way that
separate, parallel planes of motion were used for the substrate-holder and the fluid-reservoir
holder in the motion architectures disclosed for microarrayers, the donor and receiver-block
holders 718 may also be so arranged with separate independent planes of motion. Moreover, the
planes of motion of the donor and receiver block holders 718, when under the coring head 750,

may also be perpendicular to the axis of motion of the coring head 750.
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[00172] With continued reference to FIG. 15, in another tissue arrayer embodiment, a high
resolution camera system 780 and a high resolution video display 782 are also included. In one
embodiment the camera system 780 mounted within the tissue arrayer 710 and the high
resolution display 782 are located in different locations, such that remote examination and
targeting of core locations in the tissue sample is possible. The camera system 780 and the
coring head 750 are securely mounted on the same fixed bridge such that a known fixed offset in
X and Y dimensions exists between them. In one embodiment, a known reference mark or series
of reference marks are provided within the camera system’s 780 field of view to establish the
distance of separation between the coring head 750 and the camera 780 and/or to correct for non-
linearities in the video image. ‘ | ‘
[00173] As an example, the tissue arrayer 710 may be used as follows. As a first step the
donor-block 716, mounted in a known plane on a donor block holder 718 is moved in the X-Y
plane under the high-resolution camera system 780, which is mounted to provide an image of the
top surface 725 of the donor-block 716. A high resolution image of the donor block’s tissue
sample is displayed on the high resolution monitor 782. In the next step, using an animated
pointing device such as a computer mouse, an operator moves a pointer, such as a computer
cursor on the high resolution monitor 782, over the image of the tissue sample, and designates
locations on the sample from which tissue cores are to be taken. In some embodiments, desired
coring locations on a multiplicity of donor-blocks 716 are specified, by removing them, in turn,
from a donor-block holder storage 770a, defining coring locations, and returning them to the
storage 770a. A computer system 760 is used to store the X-Y coordinates of the desired coring
locations. In the next step, an operator initiates automatic coring operations, such that the donor
blocks 716 are transported between the donor-block holder storage 770a and the coring area, and
receiver blocks 717 are transported between the receiver block holder storage 770b and the

coring area, until all coring and deposition actions are completed.
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3) Fluidics Robots

[00174]

Many of the inventions herein disclosed for dispensing fluid droplets in the form

of microarrays are also directly applicable to the fluid dispensing requirements of fluidics robots.

Fluid dispensing applications handled by fluidic robots may include, for example:

a)

b)

d)

g)

dispensing fluid from external reservoirs into arrays of smaller receptacles, such as
micro-centrifuge tubes or microplates;

transferring fluid from one fluid reservoir mounted on the robot’s platen to another
reservoir, e.g. dispensing the contents of a centrifuge tube into the wells of a
microplate;

transferring fluid from the wells of one microplate to the same or different wells of
another microplate,

dividing fluid samples from one microplate into multiple microplates with the same
distribution, (such action is commonly known as “replication” of microplates);
dividing fluid samples from one microplate into multiple microplates with a different
distribution;

transferring fluids from microplates with a less dense arrangement of wells to
microplates with a denser arrangement of wells (e.g. transfers from four 96-well
microplates to one 384-well microplates, or from four 384-well microplates to one
1536-well microplate) (such actions are commonly known as “compression” of
microplates);

transferring fluids from microplates with a denser arrangement of wells to
microplates with a less dense arrangement of wells (e.g. transfers from one 1536-well
microplate to four 384-well microplates, or from one 384-well microplate to four 96-

well microplates) (such actions are commonly known as “expansion” of microplates);
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h) transferring fluids from particular wells of one or more microplates to a new
microplate (such actions are commonly known as “re-arraying” or “cherry picking”);
i) compressing plates, where, for example, the contents of four 96-well microplates are
combined onto one 384-well microplate; and
j) preparing assays, wherein several fluids are dispensed into a vessel (such as the well
of a microplate) for the purpose of causing a chemical or biological reaction.
[00175] With reference to FIG. 16, one embodiment of a fluidic robot 810 is illustrated.
The robot 810 includes a dispensing head 812 that is mobile in a vertical axis. In one
embodiment, the dispensing head 812 includes dispensing tubes 890 connected to external fluid
reservoirs (not shown). In another embodiment, the dispensing head 812 includes pipette tips
891 for aspirating and dispensing fluid from local source reservoirs 816, 817. The dispensing
tubes and the pipette tips 891 may be moveable relative to each other in at least one of an x-axis
or y-axis to accommodate a variety of well separations (i.e. the center-to-center distance between
wells) on source and target reservoirs 816, 817. In one embodiment, a vacuum source 892 is
provided to aspirate fluids from the fluid reservoirs. Similérly, a pressure source may be
prévided to eject fluid from the dispensing head 812.
[00176] The robot also includes a source-reservoir 816 mounted to a source-reservoir
holder 818, the source-reservoir holder 818 inciuding inserts for resting on datums 864 disposed
on a source-reservoir holder support 819. The source-reservoir holder 818 may move in any
direction within a plane perpendicular to the axis of motion of the dispensing head 812 when
disposed beneath the dispensing head 812. A conveyor 823 may be used to extract source-
reservoir holders 816 from a source-reservoir holder storage 870 and to return them thereto.
[00177] Similarly, the robot 810 also includes a target-reservoir 817 mounted to a target-
reservoir holder 821, the target reservoir holder 821 including inserts for resting on datums 864

disposed on a target reservoir holder support 822. The target-reservoir holder 821 may move in
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any direction within a plane perpendicular to the axis of motion of the dispensing head 821 and
displaced from, but parallel to, the plane of motion of th;e source reservoir holder 819. A
conveyor 825 may be used to extract target-reservoir holders 819 from a target-reservoir holder
883 and return them thereto.

[00178] The referencing systems previously described for use with the microarrayer
substrate holder, the substrate-holder support, the fluid-reservoir holder, and the fluid-reservoir
holder support are also applicable to the source-reservoir holder 818, the source-reservoir holder
support 819, the target-reservoir holder 821, and the target-reservoir holder support 822 and will
therefore not be further described. The referencing system permits installation of the holders
818, 821 onto the mobile reservoir holder supports 819, 822 of the fluidics robot 810 in a
predictable, repeatable manner.

[00179] In one embodiment, overall holder and holder support system position accuracy is
within + 0.02" in the X, y, and z-axes. In a preferred embodiment overall holder and holder
support system position accuracy is within = 0.002" in the z-axis and within + 0.01” in the x
and y axes. In a more preferred embodiment, overall holder and holder support system position
accuracy is within £ 0.0002" in the z-axis and within £ 0.001" in the x and y axes.

[00180] The use of standardized holders that may be repeatably and accurately loaded into
the fluidics robot 810 in a known position within a known plane, reduces the need to manually
reconfigure the dispensing assemblies of the robot 810 for different operating conditions. As a
corollary, the need for human access to the dispensing area of the machine is minimized,
reducing the potential for human error. Moreover, the system facilitates the conversion of the
robot 810 from one transfer operation to another. For instance, to change the transfer operation
being conducted by the robot 810, a user places the new source reservoir 816 and tafget reservoir

817 in the storages 870, 883, and updates the computer control system 893 of the fluidic robot
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870, 883, their locations, and the type of transfer operation to be conducted.
[00181] In another embodiment in accordance with the invention, to avoid cross-
contamination between fluid samples, disposable pipette tips 891 are used (which are then
discarded after pipetting of that sample is completed). Alternatively, in another embodiment, a
wash station 824 is provided to wash the pipette tips 891 before a new fluid sample is aspirated.
In many instances, both a washing station 824 and disposable pipette tips 891 are provided.

With continued reference to FIG. 16, a pipette tip replacement assembly is illustrated. The

assembly includes a mobile pipette-tip support 895 that holds disposable pipette tips 891 that

- may be supplied to the dispensing head 812. The pipette-tip support 895 may also hold a bin for

discarded pipette tips 891. The mobile pipette-tip holder 895 can move in any direction within a
plane parallel to those of the source reservoir holder 818 and the target reservoir holder 821, but
is vertically displaced from both. In a further embodiment, a pipette-tip-tray storage is included,
from which a plurality of pipette-tip trays 895 may be retrieved that containing a wide range of
tip sizes and types.

[00182] In another embodiment, a plurality of dispensing heads are included in the fluidics
robot. Each dispensing head is independently mobile and is restricted to travel in a vertical axis,
the axes being spaced apart. The apparatus may be ﬁsed, for example, in situations where a wide
range of pipette tip sizes are required for transfer operations. In this situation, each dispensing
head may accommodate dispensers that accept a different range of pipette-tip sizes. In anbther
example, each of the dispensing heads may accommodate a different range of well-to-well
spacings. As another example, one head of the assembly may be designed for colony picking,
such that colonies of cells grown on a growth media in a container can be extracted and

dispensed into other reservoirs, such as the well of a microplate.



10

15

20

WO 2005/042146 PCT/US2004/035101

[00183]

81

In other embodiments, devices that further process the assays that have been

prepared may be added to the system 810. For example, the source reservoir 816 or the target

reservoir 817 may be transferred to one or more various devices, including, but not limited to:

a)

b)

g)
h)

k)

[00184]

a device for supporting polymerase chain reactions via timed heating and cooling
actions,

a device for maintaining timed exposure to a specific temperature and/or humidity
(for instance for a hybridization reaction, a re-hydration step or a cooling step to slow
areaction),

a device for timed heating and cooling at other than ambient air pressure,

a device for centrifugation of the fluid samples,

a device for vacuum filtering of fluids (including vacuum filtering in a well-plate
format),

a device for filtering of plasmids by magnetic beads (including magnetic bead
filtering in a well-plate format),

a device for shaking and stitring,

a device for producing optical images of the dispensed or deposited material,

a device for detecting the presence of substances based on adsorption, or

a scanner for producing images of concentrations of tags attached to biological
entities, such tags being detectable due to radio-active emission, florescent emission
following laser illumination, or optical scattering (such as that for minute optical
scatterers known as quantum dots).

In one embodiment, fluid dispensing operation can continue in the dispensing

area of the assembly while other holders 818, 821 are being processed in the additional devices.

Identification and Tracking Adaptations
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[00185] In other embodiments of the foregoing microarrayer, tissue arrayer and fluid
dispensing systems, the use of one or more of the following elements may be included to
improve their overall performance or utility. These elements also can be beneficially used in
other instruments for the generation, dispensing, processing, sampling, scanning and
examination of deposited fluid, semi-solid or solid samples.
[00186] For instance, in various embodiments, a means of identification may be provided
on one or more of the apparatuses that are loaded into or removed from, any of the assemblies
earlier described. As an example, some of the elements that may effectively receive such
identification means include:

a) the microarray substrates, such as glass slides,

b) the microarray substrate-holders,

¢) the microarray fluid reservoirs, such as microplates,

d) the microarray fluid-reservoir holders,

e) the tissue arrayer donor blocks,

f) the tissue arrayer donor-block holders,

g) the tissue arrayer receiver blocks,

h) the tissue arrayer receiver-block holders,

i) the fluidics robot source-reservoirs, such as microplates,

j) the fluidics robot source-reservoir holders,

k) the fluidics robot target-reservoirs,

1) the fluidics robot target-reservoir holders, and

m) the fluidic robot pipette-tip holders,
[00187] The identification allows the element to be recognized and/or its progress tracked
and correlated with information recorded elsewhere on the processes that have been applied to

that element. For example, tracking a unique identification code on a microarray slide permits
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that slide to be located within a collection of slides. If the microarrayer control computer records
the details of the fluid samples deposited on that slide, and where they are deposited, both the
slide and the information on its data contents is easily retrieved. As another example, pipette-tip
holders of different types and sizes of may be automatically recognized and appropriately chosen
by the fluidic robot. Similarly, the fluidics robot may autonomously recognize the type of fluid
reservoirs placed in the various receptacle of the storage hotel and retrieve them accordingly.
Several means exist to provide identification of these elements including, but not limited to:

1. placement, on the element, of a bar code that can be optically scanned by non-

contact means,

II. placement, on the element, of a radio-frequency identification (RFID) transponder
that is programmed with a unique code, that can be read by a RFID interrogator by
non-contact means,

III. placement, on the element, of a semi-conductor memory device that is programmed
with a unique code, that can be read by a electrical sensor by direct electrical
contact, and

Iv. plécement, on the element, of a semi-conductor memory device that is programmed
with a unique code, that can be read over an optical, infra-red or radio-frequency
communication to an external sensor.

[00188] In other embodiments, a means of storing identification, content and process data
is provided on one or more of those elements that are loaded into, or removed from, any of the
assemblies described herein. The local storage on an element of both identification and content
information may provide various advantages. For example, the contents of a microplate
retrieved from a stack of similar plates otherwise identical in appearance can be unambiguously
identified. As another example, a microarrayer can sense and internally record the information

on the content of each well location from which fluid is sampled; this information can be



10

15

20

WO 2005/042146 PCT/US2004/035101
84

transferred, by the microarrayer, to the local data recording associated with the substrate onto
which the material is deposited (or the substrate-holder). As another example, a fluidics robot
preparing an assay in the well of a target reservoir can sense the contents of all contributing
source fluid reservoirs and record all information on the local data storage of the target reservoir.
In yet another example with the fluidics robot, the polymerase chain reaction (PCR) protocol
applied to particular fluid samples in a microplate may be recorded in the local data storage of
the reservoir and passed along with the sample in all subsequent processing. Many similar uses
for the local data storage exist and are included within the scope of the present invention.
Several means exist to provide identification of these elements including, but not limited to:

I. placement, on the element, of a radio-frequency identification (RFID) transponder
that is dynamically programmable with information on the element, that can be read
by a RFID interrogator by non-contact means,

II. placement, on the element, of a semi-conductor memory device that is dynamically
programmable with information about the element, that can be read by a electrical
sensor by direct electrical contact, and

II. placement, on the element, of a semi-conductor memory device that is dynamically
programmable with information about the element, that can be read over an optical,
infra-red or radio-frequency communication to an external sensor.

[00189) Other embodiments incorporating the concepts disclosed herein may be used
without departing from the spirit and scope of the invention. The described embodiments are to
be considered in all respects as only illustrative and not restrictive.

[00190] What is claimed is:
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CLAIMS

L. A method of depositing at least two minute droplets of fluid on a substrate comprising:

supplying a first fluid to a deposit element by dipping the deposit element into the first
fluid in a fluid reservoir;

moving at least one of the deposit element and the substrate relatively to deposit a droplet
of the first fluid at a first location on the substrate;

supplying a second fluid to the deposit element by dipping the deposit element into the
second fluid in the fluid reservoir; and

moving at least one of the deposit element and the substrate relatively to deposit a droplet
of the second fluid at a second location on the substrate, wherein

a volume of the first fluid carried by the deposit element and a volume of the second fluid

carried by the deposit element are exposed to a surrounding atmosphere for substantially a same

~ amount of time between their respective extractions from the fluid reservoir and their respective

depositions on the substrate by controlling at least one of speed and timing of relative motion

between the deposit element and the substrate.

2. The method of claim 1 wherein the first fluid and the second fluid are obtained from a

substantially same location in the fluid reservoir.

3. A method of repeatedly depositing minute droplets of fluid on a substrate comprising:

capturing fluid on a deposit element;

moving at least one of the deposit element and a substrate relatively to deposit the fluid
on the substrate, each deposition occurring at a same determinable time after capturing the fluid
on the deposit element, the time being determinable by at least one of:

adjusting relative-motion velocity of the deposit element and the substrate; and

introducing a motion delay to one of the deposit element and the substrate.

4. A tissue arrayer comprising:

a coring head for extracting a core sample from a donor block and depositing the core

sample in a receiving block; and

a removable block-holder for holding at least one of the donor block and the receiving
block, the removable block-holder comprising an apparatus for precisely and repeatably

positioning the removable block-holder on a block-holder support.

5. The tissue arrayer of claim 4 wherein the block-holder support comprises:
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a first datum for engaging the removable block-holder and for restricting movement of
the removable block-holder along an x-axis and a mutually orthogonal y-axis, and defining a first
point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;

a second datum for engaging the removable block-holder and for at least partially
locating the removable block-holder along at least one of the x-axis and the y-axis and defining a
second point in the z-axis; and

a third datum for engaging the removable block-holder and defining a third point in the z-

axis.

0. The tissue arrayer of claim 5 wherein the first datum comprises at least a portion of a

sphere for engaging a conical recess formed in the removable block-holder.

7. The tissue arrayer of claim 5 wherein the second datum is engageable with a linear recess

formed in the removable block-holder.

8. The tissue arrayer of claim 4, wherein the apparatus for precisely and repeatably
positioning the removable block-holder on the block-holder support comprises:

a first element for mating with a first datum, and for restricting movement of the
removable block-holder along an x-axis and a mutually orthogonal y-axis and defining a first
point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;

a second element for mating with a second datum, and for at least partially locating the
removable block-holder along at least one of the x-axis and the y-axis while defining a second
point in the z-axis; and

a third element for mating with a third datum and defining a third point in the z-axis.

9. The tissue arrayer of claim 8 wherein the first element comprises a conical recess for

mating with the first datum.

10.  The tissue arrayer of claim 8 wherein at least two of the elements are adjustable along the

Z-axis.

11. The tissue arrayer of claim 4 wherein the removable block-holder further comprises:
a top surface and a bottom surface spaced from the top surface,
an aperture extending at least partially between the top surface and the bottom surface, an

intersection of the aperture and the top surface defining a perimeter; and
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at least three reference points proximate the perimeter and defining a reference plane, the
reference points for engaging a top surface of at least one of the donor block and the receiving

block when at least one of the donor block and the receiving block is disposed in the aperture.

12. The tissue arrayer of claim 4 wherein the removable block-holder further comprises
reference surfaces, the reference surfaces for engaging and precisely locating a top surface of at
least one of the donor block and the receiving block in a known plane with respect to the

removable block-holder.

13. The tissue arrayer of claim 11 wherein the removable block-holder further comprises a
removable block-mounting fixture onto which at least one of the donor block and the receiving
block is mountable, the removable block-mounting fixture comprising a locking element for
securing the removable block-mounting fixture in the removable block-holder and for biasing the
top surface of at least one of the donor block and the receiving block against the at least three

reference points.

14.  The tissue arrayer of claim 4 further comprising a storage for storing at least one
removable block-holder and means for transferring at least one removable block-holder between
the storage and the block-holder support.

15.  The tissue arrayer of claim 4 wherein the removable block-holder support compriseé a
donor block-holder support and a receiver block-holder support, the donor block-holder support
and the receiver-block holder support each constrained to move within a plane substantially

perpendicular to the coring head when disposed beneath the coring head.

16.  The tissue arrayer of claim 15 wherein the plane of motion of the donor block-holder is

displaced from a plane of motion of the receiver-block holder.

17. The tissue arrayer of claim 4, further comprising a core filling head for depositing

material into a void created in the donor block by the coring head.

18. The tissue arrayer of claim 15, wherein at least one of the donor block, the receiver block,
the donor block-holder support and the receiver block-holder support, comprise a tracking
device, the tracking device comprising at least one of:

a barcode;

a radio-frequency identification (RFID) transponder programmed with a unique code

readable by an RFID interrogator by non-contact means; and
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a semi-conductor memory device programmed with a unique code that is readable by at
least one of an electric sensor, and an external sensor that is in communication with the semi-
conductor memory device through at least one of optical, infra-red, and radio-frequency

communication.

19.  The tissue arrayer of claim 15 comprising means for locally storing and updating
information on at least one of the donor block, the receiver block, the donor block-holder support
and the receiver block-holder support, the means comprising at least one of:

a radio-frequency identification (RFID) transponder that is dynamically programmable
onto at least one of the donor block, the receiver block, the donor block-holder support and the
receiver block-holder support, the transponder readable by an RFID interrogator by non-contact
means; and

a semi-conductor memory device that is dynamically programmable onto at least one of
the donor block, the receiver block, the donor block-holder support and the receiver block-holder
support, the semi-conductor memory device readable by at least one of electrical contact and an
external sensor that is in communication with the semi-conductor memory device through at

least one of optical, infra-red, and radio-frequency communication.

20.  The tissue arrayer of claim 4, wherein overall removable block-holder and block-holder

support system position accuracy is within + 0.02" in x, y, and z-axes.

21.  The tissue arrayer of claim 4, wherein overall removable block-holder and block-holder
support system position accuracy is within + 0.002" in a z-axis and within + 0.01” inx and y

axes.

22.  The tissue arrayer of claim 4, wherein overall removable block-holder and block-holder
support system position accuracy is within = 0.0002" in a z-axis and within + 0.001" inx and y

axes.

23. A method of extracting tissue core samples from a donor block and depositing the core
samples in a receiver block comprising the steps of:

providing a donor block comprising a tissue sample to be cored;

providing a coring head for extracting a tissue core from the donor block;

obtaining an image of a surface of the donor block to be cored by the coring head and

selecting and recording positional information of a coring location from the obtained image; and
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initiating autonomous tissue core sampling at the coring location using the selected and

recorded positional information.

24, The method of claim 23, further comprising the step of providing a receiving block and

depositing the extracted tissue core into the receiving block.

25.  The method of claim 23, further comprising the step of filling a void created in the donor

block created by the tissue core sampling with a filling material.

26.  The method of claim 23 wherein the step of obtaining an image of the surface of the

donor block further comprises:

providing a high resolution camera at a known position from the coring head; and

providing a high resolution video display to display the image of the donor block.

27.  The method of claim 26 further comprising the step of providing at least one positional
reference in a field of view of the camera for establishing an offset distance of the camera to the

coring head and to correct non-linearities in the displayed image of the donor block.

28. The method of claim 24 further comprising mounting at least one of the donor block and
the receiving block on a removable holder, the removable holder comprising an apparatus for

precisely and repeatably positioning the removable holder on a block-holder support.

29.  Areceiver block containing the extracted core tissue samples in accordance with the

method of claim 23.

30. A fluidics handling system for transferring a fluid from a fluid-source reservoir to a fluid-
target reservoir comprising:

at least one dispensing head;

a removable holder for holding at least one of a removable fluid-source reservoir and a
removable fluid target reservoir, the removable holder comprising an apparatus for precisely and

repeatably positioning the removable holder on a holder-support.

31.  The fluidics handling system of claim 30, wherein the holder-support comprises:
a first datum for engaging the removable holder and for restricting movement of the
removable holder along an x-axis and a mutually orthogonal y-axis, and defining a first point in a

z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;
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a second datum for engaging the removable holder and for at least partially locating the
removable holder along at least one of the x-axis and the y-axis and defining a second point in
the z-axis; and

a third datum for engaging the removable holder and defining a third point in the z-axis.

32. The fluidics handling system of claim 31 wherein the first datum comprises at least a

portion of a sphere for engaging a conical recess formed in the removable holder.

33. The fluidics handling system of claim 31 wherein the second datum is engageable with a

linear recess formed in the removable holder.

34. The fluidics handling system of claim 30, wherein the apparatus for repeatably

positioning the removable holder on the holder-support further comprises:

a first element for mating with a first datum, and for restricting movement of the
removable holder along an x-axis and a mutually orthogonal y-axis and defining a first point in a
z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;

a second element for mating with a second datum, and for at least partially locating the
removable holder along at least one of the x-axis and the y-axis while defining a second point in
the z-axis; and

a third element for mating with a third datum and defining a third point in the z-axis.

35. The fluidics handling system of claim 34 wherein at least two of the three elements are

adjustable along the z-axis.

36.  The fluidics handling system of claim 30, further comprising a storage for storing

removable holders.

37.  The fluidics handling system of claim 36, further comprising means for transferring the

removable holder between the storage and the holder support.

38.  The fluidics handling system of claim 30 wherein the dispensing head comprises a
plurality of dispensing elements, the dispensing elements moveable along at least one of an x-
axis and a mutually orthogonal y-axis relative to each other to alter the distance between tips of

the dispensing elements.

39.  The fluidics handling system of claim 30 wherein the dispensing head is constrained to

move along a single axis.
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40.  The fluidics handling system of claim 39 wherein the removable holder is constrained to

move within a plane perpendicular to the single axis.

41.  The fluidics handling system of claim 40 wherein the removable holder comprises a
removable soutce-holder for holding the fluid-source reservoir and a removable target-holder for
holding the fluid-target reservoir, wherein the removable fluid source-holder and the removable
target-holder are independently movable in any direction within separate planes separated by a

distance along the single axis.

42. The fluidics handling system of claim 41, further comprising at least one removable
pipette-tip holder for holding pipette tips, the pipette-tip holder comprising an apparatus for
precisely and repeatably positioning the pipette-tip holder on a pipette-tip holder support, the
pipette-tip holder movable in a plane that is perpendicular to the single axis and displaced from

the planes of motion of the removable fluid source-holder and the removable target-holder.

43.  The fluidics handling system of claim 36 wherein the removable holder is moved from
the storage to the holder-support by:

moving the removable holder in a vertical direction within the holder storage to dispose
the removable holder onto the holder-support; and

moving the holder support in a horizontal direction to retract the holder support from the

storage.

44.  The fluidics handling system of claim 30, wherein at least one of the fluid-source

reservoir, the fluid-target reservoir, and the removable holder comprise a tracking device, the
tracking device comprising at least one of:

a radio-frequency identification (RFID) transponder programmed with a unique code
readable by an RFID interrogator by non-contact means; and

a semi-conductor memory device programmed with a unique code that is readable by at
least one of an electric sensor and an external sensor that is in communication with the semi-
conductor memory device through at least one of optical, infra-red, and radio-frequency

communication.

45.  The fluidics handling system of claim 30 comprising a means for locally storing and
updating information on at least one of the fluid-source reservoir, the fluid-target reservoir, and
the removable holder, the means comprising at least one of:

a barcode;
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a radio-frequency identification (RFID) transponder that is dynamically programmable
onto the at least one of the fluid-source reservoir, the fluid-target reservoir, and the removable
holder, the transponder readable by an RFID interrogator by non-contact means; and

a semi-conductor memory device that is dynamically programmable onto the at least one
of the fluid-source reservoir, the fluid-target reservoir, and the removable holder, the semi-
conductor memory device readable by at least one of electrical contact and an external sensor
that is in communication with the semi-conductor memory device through at least one of optical,

infra-red, and radio-frequency communication.

46.  The fluidics handling system of claim 30, wherein overall removable holder and holder-

support system position accuracy is within + 0.02” in,x, y, and z-axes.

47.  The fluidics handling system of claim 30, wherein overall removable holder and holder-
support system position accuracy is within + 0.002" in a z-axis and within £ 0.01” inx and y

axes.

48. The fluidics handling system of claim 30, wherein overall removable holder and holder-
support system position accuracy is within = 0.0002" in a z-axis and within + 0.001” in the x

and y axes.

49. A method of transferring fluid from a source reservoir to a target reservoir comprising:

providing a dispensing head for aspirating and dispensing fluids, the dispensing head
constrained to move along a single axis; |

providing a fluid-source holder for holding a source-reservoir, the fluid-source holder
constrained to move in a plane substantially perpendicular to the single axis, the fluid-source
holder comprising an apparatus for repeatably positioning the fluid-source holder on a fluid-
source holder support;

providing a fluid-target holder for holding a fluid-target reservoir, the fluid-target holder
constrained to move in a plane substantially perpendicular to the single axis, a plane of motion of
the fluid-target holder displaced from a plane of motion of the fluid-source holder, the fluid-
target holder comprising an apparatus for repeatably positioning the fluid-target holder on a
fluid-target holder support;

moving the fluid-source holder to position the source-reservoir beneath the dispensing
head;

lowering the dispensing head and aspirating fluid from the source-reservoir;
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raising the dispensing head;
moving the ﬂﬁid-target holder to position the fliiid-target reservoir beneath the dispensing

head; and

lowering the dispensing head and dispensing the fluid into the fluid-target reservoir.

50. A microarrayer assembly for depositing minute droplets of fluid on a substrate
comprising:
a deposit element for depositing minute droplets of fluid onto a surface of a substrate; and
a removable substrate-holder for holding at least one substrate, the substrate-holder
comprising an apparatus for precisely and repeatably positioning the substrate-holder on a

substrate-holder support.

51.  The microarrayer assembly of claim 50 wherein the apparatus for precisely and
repeatably positioning the substrate-holder on the substrate-holder support further comprises:

a first element for mating with a first datum disposed on the substrate-holder support, and
for restricting movement of the removable substrate-holder along an x-axis and a mutually
orthogonal y-axis and defining a first point in a z-axis, the z-axis mutually orthogonal to the x-
axis and the y-axis;

a second element for mating with a second datum disposed on the substrate-holder
support, and for at least partially locating the removable substrate-holder along at least one of the
x-axis and the y-axis while defining a second point in the z—ax‘is; and

a third element for mating with a third datum disposed on the substrate-holder support

and defining a third point in the z-axis.

52.  The microarrayer assembly of claim 51, wherein the first element forms a conical recess

for mating with the first datum.

53.  The microarrayer assembly of claim 51 wherein at least two of the elements are

adjustable along the z-axis.

54.  The microarrayer assembly of claim 50 wherein the substrate-holder support further
comprises a datﬁm plane defined by at least three datums:

a first datum for engaging the substrate-holder and for restricting movement of the
substrate-holder along an x-axis and a mutually orthogonal y-axis, and defining a first point in a

z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;
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a second datum for engaging the substrate-holder and for at least partially locating the
substrate-holder along at least one of the x-axis and the y-axis and defining a second point in the
z-axis; and

a third datum for engaging the substrate-holder and defining a third point in the z-axis.

55. The microarrayer assembly of claim 54 wherein the first datum comprises at least a

portion of a sphere for engaging a conical recess formed in the substrate-holder.

56.  The microarrayer assembly of claim 54 wherein the second datum is engageable with a

linear recess formed in the substrate-holder. ,

57.  The microarrayer assembly of claim 50, further comprising a removable fluid-reservoir
for holding at least one fluid, the removable fluid-reservoir comprising an apparatus for )

repeatably positioning the removable fluid-reservoir on a fluid-reservoir holder support.

58.  The microarrayer assembly of claim 57 further comprising a removable fluid-reservoir
holder for holding the removable fluid-reservoir, the fluid-reservoir holder comprising an
apparatus for precisely and repeatably positioning the removable fluid-reservoir holder on the

fluid-reservoir holder support.

59.  The microarrayer assembly of claim 57 wherein the fluid-reservoir holder support moves

in unison with the substrate-holder support.

60.  The microarrayer assembly of claim 58 wherein the apparatus for repeatably positioning
the removable fluid-reservoir holder on the fluid-reservoir holder support comprises:

a first element for mating with a first datum disposed on the fluid-reservoir holder
support, and for restricting movement of the removable fluid-reservoir holder along an x-axis
and a mutually orthogonal y-axis and defining a first point in a z-axis, the z-axis mutually
orthogonal to the x-axis and the y-axis;

a second element for mating with a second datum disposed on the fluid-reservoir holder
support, and for at least partially locating the removable fluid-reservoir holder along at least one
of the x-axis and the y-axis while defining a second point in the z-axis; and

a third element for mating with a third datum disposed on the fluid-reservoir holder

support and defining a third point in the z-axis.

61.  The microarrayer assembly of claim 60 wherein the first element forms a conical recess

for mating with the first datum.
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62.  The microarrayer assembly of claim 60 wherein at least two of elements are adjustable

along the z-axis.

63.  The microarrayer assembly of claim 57 wherein the fluid-reservoir holder support
comprises:

a first datum for engaging the removable fluid-reservoir and for restricting movement of
the removable fluid-reservoir along an x-axis and a mutually orthogonal y-axis, and defining a
first point in a z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;

a second datum for engaging the removable fluid-reservoir and for at least partially
locating the removable fluid-reservoir along at least one of the x-axis and the y-axis and defining
a second point in the z-axis; and

a third datum for engaging the removable fluid-reservoir and defining a third point in the

Z-axis.

64.  The microarrayer assembly of claim 63 wherein the first datum comprises at least a

portion of a sphere for engaging a conical recess disposed on the removable fluid-reservoir.

65.  The microarrayer assembly of claim 63 wherein the second datum is engageable with a

linear recess disposed on the removable fluid-reservoir.

66.  The microarrayer assembly of claim 50 wherein the deposit element comprises a solid
pin.
67.  The microarrayer assembly of claim 57, further comprising a fluid-reservoir storage and

an apparatus for moving a fluid-reservoir between the fluid-reservoir storage and the fluid-

reservoir holder support.

68.  The microarrayer assembly of claim 67, further comprising a sensor to determine

presence of a fluid-reservoir in a bay of the fluid-reservoir storage.

69.  The microarrayer assembly of claim 50, further comprising a substrate-holder storage and
an apparatus for moving a substrate-holder between the substrate-holder storage and the

substrate-holder support. /

70.  The microarrayer assembly of claim 69, further comprising a sensor to determine

presence of a substrate-holder in a bay of the substrate-holder storage.
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71.  The microarrayer assembly of claim 50 wherein the deposit element is constrained to
move along a z-axis and wherein the substrate-holder is constrained to move in a plane

substantially perpendicular to the z-axis when disposed beneath the deposit element.

72.  The microarrayer assembly of claim 57 wherein the deposit element is constrained to
move along a z-axis and wherein the fluid-reservoir is constrained to move in a plane

substantially perpendicular to the z-axis when disposed beneath the deposit element.

73. The microarrayer assembly of claim 72 wherein the fluid-reservoir plane of motion is
parallel to and displaced from the substrate-holder plane of motion when disposed beneath the

deposit element.

74.  The microarrayer assembly of claim 73 wherein the fluid-reservoir is moveable

independently of but in coordination with the substrate-holder and the deposit element.

75.  The microarrayer assembly of claim 57 wherein the removable fluid-reservoir is a multi-

well plate having 96 wells or a multiple thereof.

76.  The microarrayer assembly of claim 50 wherein the substrate comprises a multi-well

plate.

77.  The microarrayer assembly of claim 50, further comprising a first printhead and a second
printhead, each printhead for holding at least one deposit element, wherein the first printhead and
the second printhead are optionally arranged for moving independently of each other in separate

parallel axes.

78.  The microarrayer assembly of claim 50, wherein the removable substrate-holder
comprises :

a top surface and a bottom surface spaced from the top surface;

an aperture extending at least partially between the top surface and the bottom surface, an
intersection of the aperture and the top surface defining a perimeter; and

at least three reference points proximate the perimeter and defining a reference plane, the
reference points for engaging a top surface of the substrate when the substrate is disposed in the

aperture.

79.  The microarrayer assembly of claim 78, further comprising means to bias the substrate

against the at least three reference points.
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80.  The microarrayer assembly of claim 50 wherein the removable substrate-holder further
comprises a removable substrate-mounting fixture, the substrate-mounting fixture including a
locking element for securing the substrate-mounting fixture into the removable substrate-holder,

the substrate-mounting fixture for holding at least one substrate.

81.  The microarrayer assembly of claim 50, further comprising a sensor to measure a

distance from the deposit element to a top surface of the substrate.

82.  The microarrayer assembly of claim 81, further comprising a motion control system to
dynamically adjust a motion of the deposit element in response to the sensor measurement to
deposit the minute droplet of fluid onto the substrate without the deposit element contacting the

substrate.

83.  The microarrayer assembly of claim 58, further comprising a barcode reader for optically
sensing labels secured to at least one of the substrate-holder, the substrate, the fluid-reservoir

holder, and the fluid-reservoir.

84.  The microarrayer assembly of claim 69 wherein the substrate-holders are moved from the
substrate-holder storage to the substrate-holder support by:

moving the substrate-holder in a vertical direction within the substrate-holder storage to
dispose the substrate-holder on the substrate holder support; and

moving the substrate-holder support in a horizontal direction to retract the substrate-

holder support from the substrate-holder storage.

85.  The microarrayer assembly of claim 69 wherein the removable substrate-holders are at
least one of removed from and added to the substrate-holder storage during active fluid capture

and droplet deposition operations.

86.  The microarrayer assembly of claim 58, wherein at least one of the substrate-holder and
the fluid-reservoir holder further comprise a tracking device, the tracking device comprising at
least one of:

a barcode;

a radio-frequency identification (RFID) transponder programmed with a unique code
readable by an RFID interrogator by non-contact means; and

a semi-conductor memory device programmed with a unique code that is readable by at

least one of an electric sensor and an external sensor that is in communication with the semi-
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conductor memory device through at least one of optical, infra-red, and radio-frequency

communication.

87.  The microarrayer assembly of claim 58 comprising a means for locally storing and
updating information on at least one of the substrate, the substrate-holder, the fluid reservoir, and
the fluid-reservoir holder, the means comprising at least one of:

a radio-frequency identification (RFID) transponder that is dynamically programmable
onto the at least one of the substrate, the substrate-holder, the fluid reservoir, and the fluid-
reservoir holder, the transponder readable by an RFID interrogator by non-contact means; and

a semi-conductor memory device that is dynamically programmable onto the at least one
of the substrate, the substrate-holder, the fluid reservoir, and the fluid-reservoir holder, the semi-
conductor memory device readable by at least one of electrical contact and an external sensor
that is in communication with the semi-conductor memory device through at least one of optical,

infra-red, and radio-frequency communication.

88.  The microarrayer assembly of claim 50, wherein overall substrate-holder and substrate-
holder support system position accuracy is within = 0.002" in a z-axis and within + 0.01” in x

and y axes.

89.  The microarrayer assembly of claim 50, wherein overall substrate-holder and substrate-
holder support system position accuracy is within = 0.001" in a z-axis and within = 0.005" in x

and y axes.

90. The.microarrayer assembly of claim 50, wherein overall substrate-holder and substrate-
holder support system position accuracy is within £ 0.0002" in a z-axis and within + 0.001” in x
and y axes.
91. A microarrayer assembly for depositing minute droplets of fluid on a substrate
comprising:
a plurality of deposition engines operating cooperatively, each deposition engine
comprising:
a deposit element for depositing minute droplets of fluid onto a surface of a
substrate; and
a support for holding at least one of a substrate-holder and a fluid reservoir, the
support comprising an apparatus for precisely and repeatably positioning at least one of

the substrate-holder and the fluid reservoir on the support.



\®]

A U B W = BN W =N Y R W = DN W

AW N -

WO 2005/042146 PCT/US2004/035101
929

92.  The microarrayer assembly of claim 91, further comprising means to transfer at least one

of the substrate-holder and the fluid-reservoir between the deposition engines.

93.  The microarrayer assembly of claim 91 further comprising at least one hotel for storing at
least one of the substrate-holder and a fluid-reservoir and further comprising means to transfer at
least one of the substrate-holder and the fluid-reservoir between the hotel and at least one

deposition engine.

94. A method for depositing minute droplets of fluid on a substrate comprising:
loading a substrate-holder onto a substrate-holder support, the substrate-holder for
holding at least one substrate and comprising an apparatus for precisely and repeatably
positioning the substrate-holder on the substrate-holder support;
providing fluid to a deposit element, the deposit element moveable relative to the
substrate-holder; and

transferring a droplet of fluid from the deposit element to the substrate.

95. ! The method of claim 94 further comprising transferring the substrate-holder between a
substrate-holder storage and the substrate-holder support.

96.  The method of claim 94 wherein the deposit element comprises a solid pin.

97.  The method of claim 94, further comprising the step of loading a fluid-source holder onto
a fluid-source holder support, the fluid-source holder for holding at least one fluid source and
comprising an apparatus for precisely and repeatably positioning the fluid-source holder on the

fluid-source holder support.

98.  The method of claim 97, further comprising the steps of:
transferring the fluid-source holder from a fluid-source holder storage to the fluid-source _
bolder support;
capturing fluid from the fluid-source with the deposit element; and
transferring the fluid-source holder from the fluid-source holder support to the fluid-

source holder storage.

99.  The method of claim 94, wherein the substrate-holder support comprises:
a first datum for engaging the substrate-holder and for restricting movement of the
substrate-holder along an x-axis and a mutually orthogonal y-axis, and defining a first point in a

z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;
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a second datum for engaging the substrate-holder and for at least partially locating the
substrate-holder along at least one of the x-axis and the y-axis and defining a second point in the
z-axis; and

a third datum for engaging the substrate-holder and defining a third point in the z-axis.

100.  The method of claim 99 wherein the first datum comprises at least a portion of a sphere

for engaging a conical recess disposed on the substrate-holder.

101.  The method of claim 99 wherein the second datum is engageable with a linear recess

disposed on the substrate-holder.

102.  The method of claim 94 wherein the substrate-holder comprises:

a first element for mating with a first datum, and for restricting movement of the
substrate-holder along an x-axis and a mutually orthogonal y-axis and defining a first point in a
z-axis, the z-axis mutually orthogonal to the x-axis and the y-axis;

a second element for mating with a second datum, and for at least partially locating the
substrate-holder along at least one of the x-axis and the y-axis while defining a second point in
the z-axis; and

a third element for mating with a third datum and defining a third point in the z-axis.

103.  The method of claim 102 wherein the first element forms a conical recess for mating with

the first datum.

104. The method of claim 94 further comprising:

moving a fluid reservoir to a position beneath the deposit element, the deposit element
constrained to travel substantially along a vertical axis and the fluid reservoir being constrained
to travel in a plane substantially perpendicular to the vertical axis when disposed beneath the
deposit element;

lowering the deposit element to capture fluid from the fluid reservoir;

raising the deposit element relative to the fluid reservoir;

moving the substrate-holder to a position beneath the deposit element, the substrate-
holder constrained to travel in a plane parallel substantially perpendicular to the vertical axis
when disposed beneath the deposit element; and

lowering the deposit element to deposit the fluid on the substrate.

105. A method of depositing droplets of fluid on a substrate comprising:
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moving a fluid reservoir to a position beneath a printhead, the printhead being
constrained to travel along a vertical axis and the fluid reservoir being constrained to travel
within a plane substantially perpendicular to the vertical axis when disposed beneath the
printhead;

lowering the printhead to capture fluid from the fluid reservoir;

raising the printhead relative to the fluid reservoir;

moving a substrate to a position beneath the printhead, the substrate constrained to travel
within a plane parallel to, but displaced from, the plane of motion of the fluid reservoir when
disposed beneath the printhead; and

lowering the printhead to deposit the fluid on the substrate.

106.  The method of claim 105, further comprising the step of moving the fluid reservoir away

from the axis of motion of the printhead prior to depositing the fluid on the substrate.

107.  The method of claim 105 wherein the step of moving the fluid reservoir to a position

beneath the printhead further comprises moving the substrate in tandem with the fluid reservoir.

108.  The method of claim 106, wherein the step of moving the substrate beneath the printhead

precedes the step of moving the fluid reservoir away from the axis of motion of the printhead.

109. A method of depositing minute droplets of fluid on a substrate comprising:

arranging a plurality of deposition engines cooperatively, each deposition engine
comprising a deposit element for depositing minute dropléts of fluid onto a surface of a
substrate; and

transferring at least one holder between the deposition engines, the holder for holding at
least one of a substrate and a fluid-reservoir, the holder comprising an apparatus for precisely

and repeatably positioning the holder on a support.

110.  The method of claim 109 wherein each deposition engine comprises a plurality of
printheads.

111.  The method of claim 109, further comprising the step of transferring at least one holder
from a hotel to at least one deposition engine.

112.  The method of claim 111 wherein the holders can be removed from and added to the
hotel during active fluid capture and droplet deposition operations.

113. A microarray produced in accordance with the method of claim 91.

114. A microarray produced in accordance with the method of claim 109.
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115. A microarrayer assembly for depositing minute droplets of fluid on a substrate
comprising:

a printhead for depositing fluids on the substrate;

a fluid reservoir comprising at least one well for supplying fluid to the printhead; and

a sensor for measuring depth of fluid in the at least one well.

116. A method for depositing minute droplets of fluid on a substrate comprising:

moving a fluid reservoir to a position beneath a first printhead, the first printhead
comprising at least one deposition element and constrained to move along a vertical axis, the
fluid reservoir constrained to move in a plane substantially perpendicular to the vertical axis
when disposed beneath the first printhead;

moving the printhead relative to the fluid reservoir to dip the deposition element into the
fluid reservoir;

raising the first printhead relative to the fluid reservoir;

moving a substrate beneath the first printhead while simultaneously moving the fluid
reservoir beneath a second printhead, the substrate constrained to move in a plane parallel to, but -
displaced from, the plane of motion of the fluid reservoir;

lowering the first printhead to deposit a fluid droplet on the substrate and lowering the
second printhead to capture fluid from the fluid reservoir: }

raising the first and the second printhead above the planes of motion of the substrate and
the fluid reservoir;

moving the substrate under the second printhead while simultaneously moving the fluid
reservoir to a position beneath the first printhead; and

lowering the second printhead to deposit a fluid droplet on the substrate and lowering the

first printhead to capture fluid from the reservoir.

117.  The method of claim 116, further comprising the step of moving the substrate under at
least one of the first printhead and second printhead prior to moving the fluid reservoir away

from at least one of the first printhead and the second printhead.

118. A method for depositing biological fluid samples onto a substrate to reduce non-specific
binding in undesired locations on the substrate comprising:
providing a substrate comprising a surface resistant to non-specific binding of biological

material;
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depositing a first fluid droplet onto the substrate, the first fluid droplet comprising a
binding agent that is bindable with the substrate and that is bindable to a biological material
through at least one of electrostatic, covalent and chemical binding;

depositing a second fluid droplet onto the deposition location of the first fluid droplet, the

second fluid droplet comprising a biological material for binding with the binding agent.

119. The method of claim 118, further comprising depositing additional fluid droplets on the
deposition location of the first fluid droplet to deactivate the binding properties of any unbound

binding agent and biological material remaining from the first droplet and the second droplet.
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