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(57) ABSTRACT 

An apparatus and method are described that achieve indepen 
dent and simultaneous processing of a plurality of Substrate 
Supported biological samples. In one embodiment, Substrate 
holders arranged in a minor arc are independently moveable 
between a processing position and an access position, and 
reagents are delivered to substrates held in the substrate hold 
ers through a nozzle plate that moves along the arc of Sub 
strate holders. The disclosed apparatus and method are par 
ticularly Suited for implementation of lean processing of 
biological samples. 
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APPARATUS AND METHOD FOR 
BIOLOGICAL SAMPLE PROCESSING 

RELATED APPLICATION DATA 

0001. This is a divisional of U.S. patent application Ser. 
No. 12/167.459, filed Jul. 3, 2008 which claims the benefit of 
U.S. provisional application No. 60/958,916, filed on Jul.10, 
2007, the contents of which applications are incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field 
0003. The present invention relates to equipment and 
methods for preparing samples for analysis. In particular, the 
invention relates to equipment and methods for automated 
processing of biological samples on Substrates. 
0004 2. Background 
0005 Primary staining, special staining, immunochemi 
cal analyses, and in situ hybridization (ISH) analyses are 
utilized to analyze a variety of biological samples including 
microarray Samples, tissue samples and tissue array samples. 
These techniques are inherently inconsistent when performed 
manually, especially by multiple different persons. Inconsis 
tent staining makes it difficult for a pathologist or other medi 
cal or research personnel to interpret samples and to make 
comparisons between different samples. Thus, a number of 
devices and methods have been described that serve to auto 
mate the staining process and reduce staining inconsistency. 
Labor costs and the burgeoning demand for anatomical 
pathology services for both the clinical and research markets 
also are driving the push for increased automation of the 
sample treatment process. 
0006. In concert with automation, laboratory work-flow 
improvements (see, for example, U.S. patent application Ser. 
No. 1 1/639,586, which is incorporated by reference herein) 
can decrease sample turn-around time. However, constraints 
imposed by currently available sample processors, and in 
particular batch sample processors, reduce the extent to 
which such “lean' methods can increase workflow. 

SUMMARY 

0007. A biological sample processing apparatus is dis 
closed. In one embodiment, the apparatus includes a plurality 
of substrate holders where each substrate holder is automati 
cally and independently movable between a different pro 
cessing position and a different access position, and a move 
able sample processor configured to simultaneously process 
two or more substrates held on two or more substrate holders 
in their different processing positions. In particular embodi 
ments, the apparatus is configured to independently process 
each of a plurality of samples in a manner that permits 
samples to be individually added or retrieved from the system 
without interrupting the processing of other samples in the 
apparatus. A particular advantage of the disclosed system is 
its compatibility with lean work-flow methods for sample 
processing. Such as pacing sample processing with sample 
preparation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a top view diagram of an embodiment of a 
disclosed Substrate processing portion of an automated Sub 
Strate processing apparatus. 
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0009 FIG. 2 is a perspective view diagram of an embodi 
ment of a disclosed Substrate processing portion of an auto 
mated Substrate processing apparatus viewed from above. 
0010 FIG. 3 is a perspective view diagram of an embodi 
ment of a disclosed Substrate processing portion of an auto 
mated Substrate processing apparatus viewed from below. 
0011 FIG. 4 is a perspective view diagram of an embodi 
ment of a nozzle plate including a variety of nozzles posi 
tioned along a plate arc. 
0012 FIG. 5 is a perspective view diagram of an embodi 
ment of a substrate holder mounted on a sample rail to permit 
movement between a processing position and an access posi 
tion. 
0013 FIG. 6 is a perspective view diagram of an embodi 
ment of a Substrate holder mounted on a sample rail that 
includes an air cylinder that moves the substrate holder from 
a processing position and an access position. Also shown in 
FIG. 6 are splash shields and ambient air ducting utilized in 
Some embodiments to assist in thermally isolating different 
substrate holders. 
0014 FIG. 7 is a side view diagram of an embodiment of 
a Substrate holder illustrating how gas flow from a gas mani 
fold is flowed past a Substrate holder in a processing position 
to improve thermal isolation between different substrate 
holders of the disclosed apparatus. 
0015 FIG. 8 is a perspective view diagram of an embodi 
ment of a Substrate holder including a sensor on its exterior 
Surface, and in this particular embodiment, a plurality of 
status indicators also are shown beneath a covering layer. 
0016 FIG. 9 is a perspective view diagram of a printed 
circuit board (PCB) underlying the covering layer illustrated 
in FIG. 8, including a touch sensor and a plurality of status 
LED lights of a plurality of colors, each color or combination 
of colors alerting a user to a particular condition. 
0017 FIG. 10 is a schematic diagram illustrating an 
embodiment of a plurality of nozzles arranged along a plate 
arc at a second end of an elongate nozzle plate that illustrates 
typical types of fluidic connections made to Supply different 
types of nozzles for performing a plurality of Substrate pro 
cessing operations. 
0018 FIG. 11 is a schematic diagram illustrating an 
embodiment of electrical and data transmission for indepen 
dently processing a plurality of substrate-supported samples. 
0019 FIG. 12 is a flowchart illustrating an embodiment of 
a computer logic Scheme for Substantially continuous and 
simultaneous processing of a plurality of samples according 
to different processing protocols. 
0020 FIG. 13 is a perspective view diagram of an embodi 
ment of a railed sample aspirator where the “rail comprises 
the aspirator riding along an edge of the Substrate. 
0021 FIG. 14 is a perspective view diagram showing an 
embodiment of a moveable Substrate aspirator mounted on a 
nozzle plate, where the Substrate aspirator is positioned above 
a particular substrate held in a particular substrate holder. 
0022 FIG. 15 is cut-away view diagram of an arrangement 
of nozzles in an embodiment of a Substrate aspirator showing 
an arc configuration of a lower Surface of the Substrate aspi 
rator contacting an edge of a Substrate such that the Substrate 
edge functions as a rail on which the aspirator rides. 
0023 FIG.16 is a perspective view diagram of an embodi 
ment of a radiative thermal control unit of a substrate holder 
with a Substrate in place and a non-contact sensor aimed at the 
Substrate Surface to measure a Surface temperature. 
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0024 FIG. 17 is a perspective diagram of the lower portion 
of a radiative thermal control unit of a substrate holder illus 
trating the cavity that forms an air gap between the heated 
lower surface and a substrate placed onto the thermal control 
unit. 
0025 FIG. 18 is a flow diagram of an embodiment for 
initiating the instrument Access Mode. 
0026 FIG. 19 is a flow diagram of an embodiment com 
prising Landing Zones enabling access to reagents while the 
instrument is continuing to process samples therein. 
0027 FIG. 20 shows flow diagrams of an instrument 
embodiment depicting the operational flow for three slides 
inclusive of Landing Zone operation and instrument opera 
tions thereafter. 
0028 FIG. 21 shows an example of an embodiment of an 
instrument screen shot of the graphical user interface display 
that conveys important information to a user. 
0029 FIG.22 shows an example of an embodiment of an 
instrument screen shot of the graphical user interface display 
that conveys important information to a user. 

DETAILED DESCRIPTION OF SEVERAL 
ILLUSTRATIVE EMBODIMENTS 

0030 The following description of several embodiments 
describes non-limiting examples that further illustrate the 
invention. All titles of sections contained herein, including 
those appearing above, are not to be construed as limitations 
on the invention, but rather they are provided to structure the 
illustrative description of the invention that is provided by the 
specification. Also, in order to aid the reader in understanding 
the various illustrated embodiments, explanations of d terms 
are provided after an overview of embodiments of the inven 
tion. 

I. OVERVIEW 

0031. In one embodiment, an automated biological 
sample processing apparatus is disclosed that includes a plu 
rality of substrate holders where each substrate holder is 
automatically and independently movable between a differ 
ent processing position and a different access position. For 
example, the processing position can be a position within the 
apparatus where a biological sample is processed, and the 
access position can be a position where a user can place a 
Substrate-supported sample on a Substrate holder without 
interfering with the processing of other samples in the appa 
ratus. The apparatus also includes a movable Substrate pro 
cessor configured to simultaneously process two or more 
substrates held on two or more substrate holders in their 
different processing positions, for example, two or more Sub 
strates on adjacent Substrate holders. The apparatus can fur 
ther be operated in a manner that permits user access to 
replenish reagents needed for sample processing with mini 
mal disruption of the processing of samples, and also in which 
user access is available to samples that have completed pro 
cessing prior to completion of processing of other samples. 
Furthermore, processing of additional, individual samples 
can be started while other samples are already being treated 
by the apparatus. All of these features, and others described 
herein, provide laboratory personnel the flexibility to 
improve workflow in view of inconsistent levels of sample 
processing needs over time. 
0032. The disclosed apparatus can include a plurality of 
substrate holders that include independent thermal control 
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units that permit independent temperature programming of 
each of the plurality of substrate holders, and hence the 
samples held on Substrates placed thereon. In one embodi 
ment, the independent thermal control units include conduc 
tive heating platforms where the substrate is heated by direct 
contact with a heated surface. In another embodiment, the 
independent thermal control units include radiant heating 
platforms where the substrate is heated radiantly and possibly 
convectively through an air gap above a heated Surface that 
emits infrared radiation. In yet another embodiment, the inde 
pendent thermal control units include heating and cooling 
platforms such Peltier devices. Ofcourse, any combination of 
conductive heating, radiant heating, and heating and cooling 
platforms can be included on the plurality of substrate hold 
CS. 

0033. In a particular embodiment, the disclosed apparatus 
includes a non-contact temperature sensor positioned to mea 
Sure a temperature of at least one of an upper Surface of a 
Substrate, a biological sample on the upper Surface of the 
Substrate, and a Volume of liquid covering at least a portion of 
the upper Surface of the Substrate. In a more particular 
embodiment, the non-contact temperature sensor is con 
nected in a feedback loop with a power supply for the thermal 
control unit so that the unit can maintain a Substrate sample or 
liquid at a pre-determined temperature. 
0034. In other particular embodiments, the independent 
thermal control units comprise a source of airflow past one or 
more of the substrate holders, for example, each of the plu 
rality of substrate holders can have a separate source of air 
flow, and the airflow past each of the substrate holders can be 
separated. In a more particular embodiment, the airflow past 
each of the substrate holders is directed toward a common 
point at a distance beyond the substrate holders. 
0035. In another embodiment of the disclosed apparatus, 
the plurality of substrate holders in their different processing 
positions are arranged in Substantially the same plane and 
Substantially along a minor arc (a portion of a circle of less 
than 180 degrees) having a minor arc radius, and the Substrate 
processor is rotatably mounted (such as on a bearing) at a 
center of the minor arc and moves along a path parallel to and 
in a plane above the minor arc. In a particular embodiment, 
the Substrate processor can be an elongate nozzle plate having 
a first end at which it is mounted and a second end, where the 
second end is located along a length of the nozzle plate toward 
the minorarc of the substrate holders. At the second end of the 
nozzle plate can be located a plurality of nozzles arranged in 
a plate arc, the plate arc having Substantially the same radius 
as the minor arc along which the Substrate holders are 
arranged. In a more particular embodiment, the plate arc of 
nozzles is Smaller in length than the minorarc along which the 
Substrate holders are arranged. NoZZles mounted on the sec 
ond end of the nozzle plate can include two or more of a 
Vortex mixing nozzle, a bulk reagent dispense nozzle, a jet 
drain nozzle, and a rinse nozzle (see, for example, U.S. Pat. 
No. 6,943,029, which is incorporated by reference herein), 
and a railed aspirator as is discussed in Example 3 that fol 
lows. 

0036. In another particular embodiment, a nozzle plate 
can further include a reagent carousel rotatably mounted on 
the nozzle plate. And, for example, a plurality of dispensers 
can be arranged around the circular profile of a cylindrical 
reagent carousel mounted with its axis perpendicular to the 
nozzle plate (see, for example, U.S. Pat. Nos. 6,943,029: 
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6,945,128; 6,416,713; 6,192,945; and, 6,045,759; each of 
which patents are incorporated by reference herein). 
0037. In another embodiment, the apparatus further 
includes an enclosure housing the Substrate holders in the 
different processing positions, from which enclosure the Sub 
strate holders are extended outside of the enclosure to differ 
ent access positions. In yet another embodiment, processing 
of biological samples held on one or more Substrate holders in 
different processing positions automatically continues while 
one or more of the sample holders are in different access 
positions. 
0038. In still another particular embodiment, an auto 
mated biological sample processing apparatus is disclosed 
that includes a plurality of Substrate holders arranged in Sub 
stantially the same plane along a minor arc of a circle, the 
circle having a first radius. An elongate nozzle plate is rotat 
ably mounted at the center of the circle and extends toward the 
minor arc, but in a plane above the plurality of substrate 
holders, and along a radial line of the minor arc. A cylindrical 
reagent dispenser carousel is rotatably mounted on the elon 
gate nozzle plate, the cylindrical carousel having an axis and 
a second radius, the second radius being Smaller than the first 
radius. The cylindrical carousel is mounted on the elongate 
noZZle plate Such that a reagent dispenser on the carousel can 
be positioned over a substrate holder along the minor arc 
through a combination of rotational movement of the nozzle 
plate around the center of the circle and rotational movement 
of the carousel around its axis. In a more particular embodi 
ment, each of the plurality of substrate holders is indepen 
dently extendable outward from the minor arc along separate 
radial lines of the minor arc to a second minor arc. In another 
more particular embodiment, ambient air is directed along 
radial lines of the minor arc past two or more of the substrate 
holders, and even more particularly the ambient air can be 
directed past the substrate holders toward the center of the 
circle of which the minor arc is part. Ambient air directed past 
a first substrate holder can be substantially separated from 
ambient air directed past a second Substrate holder. 
0039. In another aspect, a method is disclosed for continu 
ous-access processing of a plurality of Substrate-supported 
biological samples in an automated biological processing 
apparatus, where the apparatus has a plurality of separate 
Substrate Support units that are each automatically and inde 
pendently movable between a separate processing position 
and a separate access position. In one embodiment, the 
method includes placing a Substrate-supported sample onto a 
Substrate Support unit in an access position, automatically 
moving the Substrate Supportunit to a processing position in 
response to a user command, automatically detecting the 
Substrate-supported sample moved into the processing posi 
tion on the Substrate Supportunit, and initiating processing of 
the detected sample in a pre-determined order of steps. The 
pre-determined order of steps can be carried out indepen 
dently of processing steps in progress on other samples 
already being processed by the apparatus, and independently 
of processing steps initiated for additional samples later 
added to the system. 
0040. In a particular embodiment, the method includes 
automatically alerting a user when processing of a sample is 
completed. In another particular embodiment, a sample is a 
member of a pre-selected grouping of samples and the 
method further includes automatically alerting a user when 
processing of the samples in the pre-selected grouping of 
samples is completed. Pre-selected groupings of samples can 
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include two or more of a sample treated with a histochemical 
stain, a sample treated with an immunochemical reagent, and 
a sample treated with an in situ hybridization reagent. 
Examples of pre-selected groupings include two or more 
samples obtained from the same Subject or patient, and two or 
more samples ordered by a single medical professional Such 
as a pathologist reviewing a particular patient's case. 
0041. In one particular embodiment, the user command 
that initiates movement of a sample holder from the access 
position to the processing position comprises a touch com 
mand executed through a sensor located on an exterior por 
tion of the Substrate-supportunit. A user can also be prompted 
to input a command causing a completed sample to be moved, 
on a substrate Support unit, into the access position for 
retrieval of the completed sample from the apparatus. The 
command causing the completed Sample to be moved to the 
access position for retrieval also can be a touch command 
executed through a sensor located on an exteriorportion of the 
Substrate Support unit. In a more particular embodiment, the 
separate processing position and the separate access position 
of each of the plurality of Substrate Support units lie along 
different radial lines of a minor arc of a circle. 

0042. In another embodiment of the method, the step of 
initiating processing of the sample in the pre-determined 
order of steps comprises initiating processing according to an 
order of steps encoded by a machine-readable code associ 
ated with the Substrate-supported sample. 
0043. In yet another embodiment, the method can include 
“landing Zones, which are points in time calculated to pro 
vide a coordinated pause of all samples currently being pro 
cessed in a state where they can safely remain (e.g. without 
drying or extended exposure to reagents that should be 
removed within a certain time frame) Such that a user can 
access reagent containers within the instrument and either 
replenish the reagents or change the reagents. Such landing 
Zones are advantageous for providing points in time (which 
can be indicated by an alarm to alert laboratory personnel) 
when reagents needed for the performance of particular tests 
on newly added samples can be added with minimal disrup 
tion of processing of samples that are already being processed 
at the time the landing Zone is established. 
0044 Also disclosed is a method for improving the coor 
dination of biological sample processing with biological 
sample preparation. The method includes cutting a tissue 
section (such as a formalin-fixed paraffin-embedded tissue 
sample, a fresh frozentissue sample, oratissue array sample); 
placing the tissue section on a Substrate, the Substrate includ 
ing a machine-readable code that specifies a pre-determined 
set of sample processing steps for the tissue section; placing 
the tissue section on the Substrate into an unoccupied Sub 
strate Supportunit of a biological sample processing appara 
tus, the apparatus having a plurality of separate Substrate 
Support units where each of the Substrate Support units are 
automatically and independently movable between a separate 
processing position and a separate access position, the unoc 
cupied Substrate Support unit held in the access position to 
receive the Substrate; causing the Substrate Support unit to 
move to the processing position; and initiating processing of 
the sample without interrupting the processing of other 
samples already being processed by the apparatus. The 
method can further include alerting a user that a substrate 
Support unit of the apparatus is unoccupied and ready to 
receive a Substrate Supporting a tissue sample, or alerting the 
user that a Substrate Supporting a tissue sample for which 
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processing is completed can be retrieved from the apparatus 
to provide the unoccupied Substrate Supportunit. 
0045 Also disclosed are a method, system and program 
storage device for controlling the operation of a biological 
sample treatment system that provides opportunities to 
replenish or change reagents on the system, particularly 
where each of a plurality of samples is independently being 
processed by the system. The method includes determining 
pause point steps for each sample of the plurality of samples: 
calculating a landing Zone by aligning the pause points for all 
of the plurality of samples; and, automatically stopping pro 
cessing of samples at the landing Zone and automatically 
providing access to a plurality of reagent containers held on 
the system so that the reagent containers can be changed. 
0046. These and other aspects of the disclosure will 
become more apparent through the discussion of terms and 
the Examples that follow. 

II. TERMS 

0047 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meanings as commonly 
understood by one skilled in the art to which the disclosed 
invention pertains. 
0048. The singular forms “a,” “an and “the include plu 

ral referents unless the context clearly indicates otherwise. 
Thus, for example, reference to “a reagent” refers to one or 
more reagents, such as 2 or more reagents, 3 or more reagents, 
or 4 or more reagents. 
0049. The term “biological sample” refers to any sample 
including a biomolecule (such as a protein, a peptide, a 
nucleic acids, a lipid, a carbohydrate or a combination 
thereof) that is obtained from or includes any organism 
including viruses. Other examples of organisms include 
mammals (such as humans; Veterinary animals like cats, 
dogs, horses, cattle, and Swine; and laboratory animals like 
mice, rats and primates), insects, annelids, arachnids, marsu 
pials, reptiles, amphibians, bacteria, and fungi. Biological 
samples include tissue samples (such as tissue sections and 
needle biopsies of tissue), cell samples (for example, cyto 
logical Smears Such as Pap or blood Smears or samples of cells 
obtained by microdissection), Samples of whole organisms 
(such as Samples of yeast or bacteria), or cell fractions, frag 
ments or organelles (such as obtained by lysing cells and 
separating their components by centrifugation or otherwise). 
Other examples of biological samples include blood, serum, 
urine, semen, fecal matter, cerebrospinal fluid, interstitial 
fluid, mucous, tears, Sweat, pus, biopsied tissue (for example, 
obtained by a Surgical biopsy or a needle biopsy), nipple 
aspirates, milk, Vaginal fluid, saliva, Swabs (such as buccal 
Swabs), or any material containing biomolecules that is 
derived from a first biological sample. 
0050. The term “machine-readable code” refers to any 
type of optical symbology, magnetic pattern or electromag 
netic or electrostatic signal having information content. For 
example, information content relating to sample identity, 
sample origin, Sample chain of custody, instructions for pro 
cessing a sample, information regarding the characteristics of 
a sample, test results for a sample, images of the sample and 
the like. A “code reader' is any type of machine that can 
decipher, translate or interpret the information contained in a 
machine-readable code, for example, a device that converts 
the code into commands for performing an automated proce 
dure or presenting the information in a human-readable or 
human-interpretable form. A code reader can be compatible 
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with one or more different types of machine-readable code. 
Examples of optical symbologies include characters, bar 
codes and dataglyphs. Particular examples of barcodes 
include linear barcodes (such as EAN.UPC, EAN-128, ITF 
14 and code 39) multi-dimensional barcodes such as 2D 
stacked symbologies and 2D matrix symbologies, and com 
posite barcodes such as reduced-space symbologies. Even 
more particular examples of 2D optical symbologies include 
(p, q) code, PDF417, data matrix, maxicode, vericode, cod 
ablock, aztec code, code 16K and QR code. Bar code readers 
for these and any number of other optical symbologies are 
well known. Where the machine-readable code comprises 
characters (such as alphanumeric characters such as English 
text and Arabic numbers) the code reader can be an optical 
character reader (OCR). Magnetic stripes are only one 
example of a device that can store information in the form of 
a magnetic pattern. An example of an electromagnetic code is 
an RFID tag. RFID tags typically include a small metallic 
antenna and a silicon chip, and can be active or passive. RFID 
code readers are well known, and typically include an antenna 
and a transceiver that receives information from the RFID tag. 
The information content of an RFID tag can be fixed or 
changeable. In another embodiment, the code reader com 
prises a CCD camera and the CCD camera can be used for 
simultaneous detection of samples and reading of a barcode 
or characters. Other examples of machine-readable codes that 
can be used include Bragg-diffraction gratings and micro- or 
nano-barcodes (such as spatial and spectral patterns of fluo 
rescent particles or spatial patterns of magnetic particles). 
0051 A“plurality” refers to two or more, for example, 3 or 
more, 4 or more, 5 or more, 10 or more, or even 20 or more. 
0052. As used herein, the term “reagent” refers to any 
liquid or liquid composition used in a sample processing 
operation that involves adding a liquid or liquid composition 
to a sample. Reagents include solutions, emulsions, Suspen 
sions and solvents (either pure or mixtures thereof). Reagents 
can be acqueous or non-aqueous. Examples of reagents 
include Solutions or Suspensions of antibodies, solutions or 
Suspensions of nucleic acid probes, and solutions or Suspen 
sions of dye or stain molecules (such as H&E staining solu 
tions and Pap staining solutions). Further examples of 
reagents include Solvents and/or solutions for de-paraffiniza 
tion of paraffin-embedded biological samples such as 
limonene, aqueous detergent Solutions, and hydrocarbons 
(for example, alkanes, isoalkanes and aromatic compounds 
Such as Xylene). Additional examples of reagents include 
solvents (and mixtures thereof) that can be used to dehydrate 
or re-hydrate biological samples, such as ethanol, water and 
mixtures thereof. 

0053. The term “substrate” refers to any substrate (such as 
glass, quartz, plastic or silicon) of any dimensions on which a 
biological sample is placed for analysis, and more particu 
larly to a “microscope slide' such as a standard 3"x1" glass 
slide or a standard 75mmx25mm glass slide. Examples of 
biological samples that can be placed on a Substrate include a 
cytological Smear, a thin tissue section (such as from a 
biopsy), or alternatively, the sample can be an array of bio 
logical samples, for example, a tissue array, a DNA array, an 
RNA array, a protein array, or any combination thereof. Thus, 
in one embodiment, tissue sections, DNA samples, RNA 
samples, and/or proteins are placedonia Substrate at particular 
locations. Additional examples of Substrates include Sub 
strates used to assist in analysis of a sample Such as SELDI 
and MALDI chips. 
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0054 The term “substrate processing operation” refers to 
any treatment or manipulation of a Substrate Such as a micro 
Scope slide, either with or without a biological sample already 
placed thereon, or any treatmentofa biological sample placed 
on a Substrate. Examples of Substrate processing operations 
include, but are not limited to, cleaning, heating, cooling, 
drying, baking, labeling, indexing, removing mercury depos 
its, re-hydrating, dehydrating, fixing, de-paraffinizing, decal 
cifying, bluing, digesting, preserving, pre-stain prepping, Sol 
Vent exchanging, mounting, staining and coverslipping, and 
combinations thereof. 
0055. The term “staining is used herein to refer to any 
treatment of a biological sample (such as a cellular Smear or 
a tissue section) that detects and/or differentiates the pres 
ence, location and/or amount (Such as concentration) of a 
particular molecule (such as a lipid, protein or nucleic acid) or 
particular structure (such as a normal or malignant cell, cyto 
Sol, nucleus, Golgi apparatus, or cytoskeleton) in the biologi 
cal sample. For example, staining can provide contrast 
between a particular molecule or a particular cellular struc 
ture and Surrounding portions of a biological sample, and the 
intensity of the staining can provide a measure of the amount 
of a particular molecule in the sample. Staining can be used to 
aid in the viewing of molecules, cellular structures and organ 
isms not only with bright-field microscopes, but also with 
other viewing tools such as phase contrast microscopes, elec 
tron microscopes and fluorescence microscopes. Some stain 
ing methods can be used to visualize an outline of a cell. Other 
staining methods rely on certain cell components (such as 
molecules or structures) being stained without staining the 
rest of a cell. Examples of types of staining methods include 
histochemical methods, immunohistochemical methods and 
other methods based on reactions between molecules (includ 
ing non-covalent binding interactions), for example, hybrid 
ization reactions between nucleic acid molecules. Particular 
staining methods include, but are not limited to, primary 
staining methods such as hematoxylin & eosin (H&E) stain 
ing and Pap staining, enzyme-linked immunohistochemical 
methods and in situ RNA and DNA hybridization methods 
such as fluorescence in situ hydbridization (FISH), chro 
mogenic in situ hybridization (CISH), and silver in situ 
hybridization (SISH) methods. Additional particular 
examples of staining methods can be found, for example, in 
Horobin and Kiernan, “Conn's biological stains: a handbook 
of dyes, stains and fluorochromes for use in biology and 
medicine, 10" ed., Oxford: BIOS, ISBN 1859960995, 2002, 
and in Beesley, “Immunocytochemistry and in situ hybridiza 
tion in the biomedical sciences, Boston: Birkhauser, ISBN 
3764340657, 2002. 

III. EXAMPLES 

Example 1 

Biological Sample Processing Unit 

0056 Various prior staining instruments have been of a 
batch architecture, where a batch of microscope slides is 
processed together. The batch size can vary but all slides in a 
batch are processed as a group, and more particularly as a 
group having common processing steps that are shared 
amongst the batch of slides. A batch instrument has several 
disadvantages relating to how it disrupts the flow of work 
through a laboratory. For example, the instrument cannot be 
started until a full batch of similar slides become available, 
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otherwise to run less than a full batch sacrifices the instru 
ment's capacity. This means that slides that are ready to be 
stained early in the day must wait until there are enough slides 
available to make the run efficient, delaying patient results 
that are so important when a patient has learned they may 
have a serious medical condition. Another disadvantage of 
batching results from the fact that the time to finish different 
processing protocols varies significantly. For example, a 
simple IHC protocol might be finished in less than two hours, 
while a more complicated ISH protocol could take five or 
more hours. When run together as a batch, the samples Sub 
jected to the shorter protocol that are done earlier are held 
hostage to the slower protocols that finish at a later time. None 
of the samples finished more quickly can be removed from the 
instrument until the longest protocol is complete, and to do so 
is difficult without interrupting and possibly compromising 
the integrity of the results for the longer protocols. Still a 
further deficiency of batch instruments is that samples origi 
nating from the same patient or same ordering healthcare 
professional tend to become shuffled amongst several batches 
such that they must be manually sorted after removal from the 
instrument. 

0057 The particular embodiment of the disclosed appara 
tus described in this Example overcomes the shortcomings of 
prior batch instruments. In this embodiment, each Substrate 
(such as a microscope slide) position in the apparatus is its 
own staining platform, totally independent of the other posi 
tions. The configuration permits addition of a new substrate 
whenever a processing position becomes available, regard 
less of the state of other substrates being processed in other 
positions. And, furthermore, the configuration permits a user 
to remove a processed sample as soon as it is completed. In a 
particular embodiment, Substrate-supported samples can be 
automatically sorted during removal from the apparatus 
according to any pre-selected grouping. For example, Sub 
strates can be grouped according to any typed of information 
that is associated with the Substrate. Such as according to 
patient, pathologist, clinic, type of stain, etc. In addition to 
providing these enhanced work-flow attributes, the apparatus 
described in this example can perform multiple IHC proto 
cols and multiple ISH, in any combination, and in any order, 
without increasing the time such protocols would otherwise 
take in a batch dedicated to a single Such protocol. 
0.058 Making each substrate position into its own inde 
pendent treatment platform is accomplished in the embodi 
ment of this Example through independent substrate holders, 
each substrate holder being part of a staining “cell.” each cell 
accommodating a single Substrate. Each cell is independent 
of the other cells both thermally and fluidically. Specifically, 
each substrate can be controlled to whatever temperature is 
needed to accomplish a particular substrate processing step 
and is treated with whatever reagents are necessary in a par 
ticular processing step, and is rinsed as necessary without 
regard to the temperature, fluids or rinsing state of the other 
Substrates. Each cell can be loaded or unloaded according to 
the needs of its processing schedule without influencing the 
state of other cells. This is accomplished in the apparatus of 
this Example with a heater platform on which a substrate is 
processed that is moveable from a processing position to an 
access position, and in particular aheater platform on a linear 
slide combined with a means to move the heater platform 
away from a processing position in proximity to a substrate 
processor to an access position where the heater platform is 
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accessible to an operator for loading or unloading of Sub 
strates onto or off of the heater platform. 
0059. The cells can be arranged in any geometrical pattern 
that permits a Substrate on a substrate holder (such as a heater 
platform) to be located in proximity to various devices used 
during Substrate processing steps (such as a nozzle, a bar code 
reader or other code reader, a sample sensor, and a reagent 
dispenser) in the processing position and moved away from 
Such devices in the access position. In this embodiment, the 
various Substrate processing devices are attached to a nozzle 
plate that sequentially moves from one cell to the next, bring 
ing the various devices to each cell in turn, and more particu 
larly bringing two or more different devices to two or more 
cells simultaneously. 
0060. One possible arrangement is to align the cells adja 
cent to each otherina linear fashion and move the nozzle plate 
on a linear drive so that the devices on the nozzle plate are 
sequentially moved past each cell and utilized as necessary to 
carry out a pre-determined sequence of Substrate processing 
steps on substrates being treated in a particular cell. When the 
last device along the nozzle plate that is needed to perform a 
pre-determined processing step is at the furthest-most Sub 
strate for which a processing step is due, the nozzle plate 
rapidly returns to the other end and repeats the traverse past 
the cells to the extent necessary. Bulk fluid reagents (such as 
wash, deparaffinization, and cell-conditioning reagents com 
monto a plurality of protocols) and air are plumbed to noZZles 
on the nozzle plate and particular reagents (such as particular 
antibodies, particular nucleic acid probes, and particular 
detection chemicals) are dispensed from a reagent carousel 
that is attached to the nozzle plate and rotates above the 
samples. Alternatively, reagents can be dispensed using a 
Syringe pump system that is attached to the nozzle plate. A 
disadvantage of this geometry is the rather long length of the 
instrument, which can be an issue in a small laboratory space. 
0061 An arrangement that accomplishes the same func 

tion, while using less floor space is now described with ref 
erence to the figures. As shown in FIG. 1 in top view, each 
“cell” 18 in a processing position of Substrate processing 
assembly 10 functions as a substrate holder that is movable to 
an access position 20, and in the illustrated embodiment each 
cell 18 is shaped as a small segment of an annulus, about 5° in 
extent. The cells 18 are arranged in an arc that has an outer 
radius of about 21 inches so that thirty cells take up about 
155° of arc (outside to outside of the segments) and the 
instrument is about 42 inches wide and 30 inches deep. With 
the cells arranged in an arcuate shape, the nozzle plate 14 
rotates from the center of the arc of cells, so that its outer edge, 
on which a variety of Substrate processing devices are 
attached, remains at a constant radial distance from the center 
of the arc, and located over the cells. 
0062. The substrate processing assembly 10 show in top 
view in FIG. 1 also includes base plate 12 (which can be 
made, for example, of 0.625" thick aluminum tooling plate, 
such as MIC-6) through which nozzle plate 14 is rotatably 
mounted. Reagent carousel 16 is rotatably mounted on nozzle 
plate 14, and includes a plurality of reagent dispensers 22 and 
dispenser hammer arm 24. Around the arc of the Substrate 
processing assembly 10 is gas conduit 26 connected to blow 
ers 28 for supplying ambient air that can be flowed past each 
substrate holder in certain embodiments. Valving 30 provides 
independent sources of compressed air to air cylinders 38. 
and the compressed air is used to move cells 18 in their 
processing positions to their access position 20, and thenback 
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to the processing position. Also shown in FIG. 1 are fluidic 
conduit connections 32 and 34 that are used to hold a flexible 
conduit through which fluids (and also compressed air and/or 
vacuum) can be Supplied to the nozzles (not shown) on noZZle 
plate 14 from a fluidics supply module (not shown). A pan 36 
extends around the arc of the substrate holders underneath the 
cells 18 to catch waste fluids that are directed to a waste 
capture module (not shown). 
0063 FIG. 2 provides a perspective view of the substrate 
processing assembly 10 that illustrates many of the features of 
FIG. 1 (having the same reference numbers), but also pro 
vides a view of an exterior portion 38 of the cells 18 that can 
include a plurality of different indicator lights (such as dif 
ferent colored LED lights) and a touch sensor for activating 
movement of a cell from a processing position to an access 
position, or vice versa. Also shown in FIG. 2 is splash guard 
40 that helps prevent a reagent applied to a Substrate in one 
cell from Splashing into an adjacent cell. Dispenser hammer 
42 operates to depress the dispensers 22 and eject a reagent 
onto a Substrate when a dispenser is located under dispenser 
hammer arm 24. 

0064 FIG.3 provides an underside perspective view of the 
nozzle plate 14 and reagent carousel 16 rotatably mounted to 
the nozzle plate. In addition to features discussed in regard to 
FIGS. 1 and 2, FIG.3 also shows pivot 44 of nozzle plate 14, 
a bearing 46 that Supports the nozzle plate in the apparatus, 
and pulley 48 that is used to transfer torque that rotates nozzle 
plate 14 past the Substrate processing cells arranged in an arc 
on the upper surface of the substrate processing assembly 10. 
FIG. 3 also illustrates the elongate shape of nozzle plate 14 
having at one end the pivot 44 around which it rotates and a 
second end bearing a plurality of nozzles and other devices, 
which include in this embodiment a substrate detection sen 
sor 50, a pair of stacked dual rinse nozzles 52 (which can be 
raised and lowered to provide alternative sets of rinsing jets), 
a set of dispense nozzles 54, and a vortex mixing nozzle 56. 
0065 FIG. 4 shows a perspective view of nozzle plate 14 
from above with the reagent carousel removed and showing 
pivot 44 around which the nozzle plate is rotated. Attached to 
the nozzle plate at the second end, which second end has an 
arc of shorter length but the same radius as the arc in which the 
cells of the apparatus are arranged, are a plurality of nozzles 
and devices that are moved past the substrates held in their 
substrate holders. Included in this plurality of nozzles and 
devices are substrate detection sensor 50, a pair of stacked 
dual rinse nozzles 52, a set of six reagent dispense nozzles 54. 
four vortex mixing nozzles 56, and a code reader 58. An 
additional unlabeled nozzle is shown between a dual rinse 
nozzle 52 and dispense nozzles 54, for a total of 9 devices or 
nozzles that can be passed over Substrates and used as needed 
to accomplish scheduled Substrate processing operations. In 
one embodiment, two or more substrates are simultaneously 
processed using two or more of the devices/nozzles on the 
nozzle plate. Additional devices and types of nozzles can be 
added to a nozzle plate, or substituted for those shown (for 
example a railed aspirator as discussed in Example 3 or a 
radiant heater that can be used to bake a sample onto a Sub 
strate). 
0.066 FIG. 5 shows a single cell 18 in perspective view. In 
this embodiment a microscope slide 60 having a barcode at 
one end is held on heater platform 62. The assembly 64 is 
slideably attached to slide 66. Attachment point 68 is where 
an air cylinder can be attached, which air cylinder can be used 
to move the cell from a processing position to an access 



US 2015/0031073 A1 

position. Slide 66 is attached to base 72 that houses flex cable 
70 when the cell is in a processing position and from which 
the flex cable unfurls as the cell is moved to an access position 
(as shown). The flex cable 70 provides electrical connection 
to the heater platform 62 and other electronic devices that are 
part of the movable cell. 
0067 FIG. 6 shows in perspective a single cell 18 in a 
processing position within the exterior of the apparatus. In 
addition to the features shown in FIG. 5, FIG. 6 also illustrates 
in cut-away view, a section of gas conduit 26 having a hole 74 
(that is one of many holes that make up a manifold of Such 
holes leading from gas conduit 26) situated above a secondary 
gas conduit 76 that directs a gas, such as ambient air, across a 
substrate 60 held on heater platform 62. Pan 36 also is shown 
in cut-away view under the heater platform 62. A printed 
circuit board 80 through which electrical commands and 
power are provided to the cell also is shown. Gas cylinder 38 
that is used to move the cell from a processing position (as 
shown) to an access position (as shown in FIG. 6) also is 
illustrated. 

0068 FIG. 7 shows a single cell in cross section. Addi 
tional features of the cell illustrated in this figure are a second 
printed circuit board 82, located just behind exterior portion 
38 that is connected to printed circuit board 80 through flex 
cable 70. FIG. 8 shows a single cell in perspective as it is be 
viewed from the exterior of the apparatus. Located under 
exteriorportion 38 (which can be a flexible covering) are LED 
lights 90, 92,94, and 98. Also under exterior portion 38 is a 
touch sensor 96. In one embodiment, top LED 90 is green and 
when on steady, indicates that the cell is empty. When flash 
ing, it indicates that the cell contains a finished sample. Sec 
ond LED 92, is amber and when on steady, indicates that the 
cell is processing a sample. The third LED94 is red, and when 
flashing, indicates an error condition. The bottom LED 98 is 
blue, and is used for indicating a cell that contains a sample 
asked for by a particular sort (such as by patient). Sensor 96 
can be a momentary contact Switch that is used to open or 
close a cell. In a particular embodiment, exteriorportion 38 is 
a Mylar cover sheet that covers the outer surface and has holes 
(or transparent portions) matching the position of the LED's 
that allow light from the LEDs to shine through the Mylar 
COV. 

0069 FIG. 9 shows second printed circuit board 82 with 
its covering removed, to which circuit board are connected 
LEDs 90, 92,94, and 98 and sensor 96, in this case a touch 
sensor for activating a touch command to move the cell 
between a processing position and an access position. 
0070 FIG. 10 illustrates an embodiment of how nozzles 
on a nozzle plate 14 can be connected to bulk Substrate pro 
cessing fluid Sources and to a source of compressed air. In this 
embodiment, compressed air source 100 is used to move 
fluids from large bulk reagent containers 102,104 and 106 to 
smaller reservoirs 110, 112 and 114. In an alternative embodi 
ment, a peristaltic pump is utilized to move fluids from the 
large containers to the Smaller reservoirs. Although not 
shown, level sensors can be included in each of the reservoirs, 
and since there are separate large and Smaller reservoirs, 
reagents can be added to the apparatus “on-the-fly” to the 
large reservoirs when they are empty while Substrates are 
processed using the remaining reagent in the Smaller reser 
voirs. A plurality of valves 120, 122, 124 and 126, which can 
themselves include a plurality of separate valve arrangements 
in different settings, are used to direct compressed air and 
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reagents toward appropriate nozzles 130, 132,134,136, 138, 
140 and 142 at appropriate times, for example, under com 
puter/microprocessor control. 
(0071 FIG. 11 shows a schematic of the electrical connec 
tions/data connections of an embodiment of the disclosed 
apparatus. In addition to the connections illustrated, the dis 
closed apparatus can be connected through its controller PCB 
to additional devices (such as additional Substrate treatment 
apparatuses, imaging stations, accessioning stations, cutting 
stations, other computers, databases, servers and the like) as 
are discussed in co-pending U.S. patent application Ser. Nos. 
11/032,324 and 1 1/818,223 entitled “Laboratory Instrumen 
tation Information Management and Control Network.” 
which applications are incorporated by reference herein. 
0072 FIG. 12 shows a flowchart illustrating an embodi 
ment of a method for simultaneous processing of a plurality 
samples in the disclosed apparatus. As the nozzle plate is 
moved past the Substrate processing cells, Substrate (such as 
slides) are detected, their processing status is assessed, and 
appropriate nozzles/devices are moved into place as needed. 
Once the nozzle plate has gone past all the samples that are 
being processed at aparticular time, the nozzle plate is rotated 
back toward a first sample in the arc and the process of 
moving the nozzle plate past the cells resumes. 
0073. In one embodiment, all substrate treatment proto 
cols have multiple “pause points' defined where no reaction/ 
treatments are active. At these places in a protocol, a Substrate 
can be covered with a neutral, non-reacting buffer while the 
staining sequence is paused. If all the samples are paused 
simultaneously, the staining operation can be stopped and 
new dispensers or vials added or removed, for example, to or 
from the reagent carousel. These pause points are called 
“landing Zones. However, using a landing Zone to add or 
remove reagents causes the total time for Substrate treatment 
to increase, so their use is typically minimized. 
0074. In addition to the devices illustrated in the figures 
discussed above, it is also possible to add a camera for imag 
ing Substrates before, during and/or after processing. Imaging 
can be utilized for quality control or for actual transmission of 
an image to a health professional or researcher for interpre 
tation. 

Example 2 

Railed Sample Aspirator Unit 

0075. In one embodiment, a railed sample aspirator unit is 
utilized to remove residual reagents from a substrate. The 
railed aspirator unit can include discrete rails (see, for 
example, U.S. Patent Application Publication 2006/0019303, 
which is incorporated by reference herein) and can further 
include reagent dispensing means. However, in the particular 
embodiment discussed in this Example, an improvement to 
Such a system is disclosed that allows the aspirator head to use 
the Substrate as a reference Surface for accurately controlling 
the gap between the head and the top surface of the substrate 
without disturbing a sample on the top surface of the Sub 
strate. A second improvement is to have two sets of vacuum 
holes, one pulling liquid from the Small gap that is formed 
between the bottom of the vacuum head and the top of the 
substrate and the other set pulling liquid from the top of the 
puddle that builds in front of the advancing head as is moves 
out over the substrate. The second, upper set of holes draws 
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the lower density liquids that might be floating on the aqueous 
puddle, preventing them from getting contacting and possibly 
damaging the sample. 
0076 FIG. 13 shows a perspective view of an aspirator 
head 200 and associated means for moving the head across a 
Substrate and for Supplying vacuum and reagents to the head. 
Aspirator head 200 includes outer suction holes 204, guide 
surface 206, lower suction holes 208, bottom surface 210, 
upper Suction Surface 212 and upper Suction holes 214. Aspi 
rator head 200 is attached to dispense nozzle manifold 216 
that is attached to dispense nozzle spring 218that functions to 
push aspirator head 200 against a Substrate. Included on dis 
pense nozzle manifold 216 are dispense nozzles 220. Dis 
pense nozzle spring 218 is connected to actuator assembly 
222 through bracket 224. Extended actuator portion 226 
includes rails along which actuator assembly 222 is movable. 
Line 228 provides a first rinse fluid to the dispense nozzle 
manifold 216, and line 230 provides a second rinse fluid to the 
dispense nozzle manifold 216. Vacuum line 232 provides a 
vacuum connection to the various suction holes. Lines 228. 
230 and 232 can pass through an energy chain, not shown, 
then onto valves, also not shown. The valves can be automati 
cally sequenced under computer control to open and close at 
appropriate times. A line can be plumbed permanently to a 
rinse fluid through a two way valve, or to a distribution valve 
that can connect any of several fluids. Rinse fluids can then 
easily be changed by simply actuating the valve for the next 
fluid. 

0077 FIG. 14 shows an aspirator head 200 positioned over 
a Substrate 202 in a disclosed substrate processing apparatus 
(cell separation removed for clarity). In addition to the fea 
tures discussed with regard to FIG. 13, FIG. 14 shows a 
support 234, a molded heater base 236, a label 238 (such as a 
barcode label) on substrate 202, substrate locator pins 240 on 
molded heater base 236, substrate tip support 242, rubber 
plug 244, a stainless steel heater plate 246, and ramp 248, 
which ramp functions to ease the aspirator head onto the 
surface of a substrate from raised land 252. A retracted aspi 
rator head is shown as 250. 

0078 FIG. 15 is a cross-section diagram showing a bottom 
surface 210 of an aspirator head in contact with substrate 202 
at a top corner 266 of the substrate, but otherwise held above 
top surface of the substrate 264. Also illustrated (in addition 
to other features already discussed above) are a sloped-sur 
face 260 of the bottom of the aspirator head, and a guide 
surface 262 that can be used to raise the aspirator head off of 
a substrate. As can be seen in FIG. 15, there is a gap 268 
between the bottom of the aspirator 210 and the top of the 
Substrate 264, which varies as a consequence of the sloped 
surface 260. 
007.9 The technique for removing reagents from the sub 
strate enabled by the disclosed aspirator includes vacuuming 
off the residual fluids by means of a vacuum head that has a 
lower surface that is parallel to the top of a substrate and 
displaced upward from it by a small gap of about 130 microns. 
There are series of small holes in this bottom surface that 
connect to a source of vacuum to draw offliquid from the top 
of the substrate. The improvement is that the bottom surface 
is maintained at a fixed but small distance above the substrate 
by means of a slightly sloped Surface of the vacuum head that 
is above the edges of the substrate. This slightly-sloped sur 
face contacts the outer, top corners of the Substrate, which top 
corners function as a “rail.” That is, the vacuum head contacts 
the Substrate and translates along it but does not contact a 
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substantial portion of the top surface of the substrate where 
the sample is placed. It only contacts the top corners of the 
Substrate. At a three degree angle, it rises to five microns of 
height (typical tissue thickness) when only 57 microns in 
from the edge, so at most, 57 microns of a sample could be 
affected by translating this vacuum head along the length of 
the substrate. This is less than 0.5% of the total width of the 
substrate. Because of the small angle (3°) of the slope on the 
vacuum head where it touches the substrate, variation in the 
width of the substrates produce a small variation in the height 
between the substrate and the head. For the entire range of 
microscope slide Substrates used throughout the world, the 
height variation is +30 microns from a nominal of 130 
microns. This covers microscope slides as narrow as 24.8 mm 
(US) and as wide as 26.1 mm (Japan). This gap variation of 
100 to 160 microns is tolerable for the proper functioning of 
the vacuum head. 
0080 When retracted, the vacuum head is radially inward 
from the active end of the substrate. To vacuum off reagent, 
the vacuum head is extended radially outward, over the sub 
strate, all the way to the end, vacuuming reagent as it goes, 
leaving very little residual liquid. There are a pair of dispense 
nozzles, one on each side of the centerline of the substrate, 
that are positioned radially inward from the vacuum head. 
Rinse fluid can dispensed onto the substrate through this pair 
of nozzles that follow the vacuum head as the head is moving 
radially outward, thereby wetting the recently vacuumed sub 
strate a few milliseconds after the head has passed. The 
vacuum head is then retracted, radially inward, mixing the 
just applied rinse fluid with the small amount of residual that 
remained after the first vacuuming pass. The residual liquid 
left on the substrate after suction is on the order often ul. The 
rinse volume added can be, for example, 300 ul. With four 
vacuuming cycles, the dilution is (10/310)=10. 

Example 3 

Radiant Thermal Control Unit 

I0081 Certain substrate processing steps utilized in immu 
nohistochemical (IHC) and in situ hybridization (ISH) analy 
ses (for example, cell conditioning, antigen retrieval, target 
retrieval, nucleic acid denaturation, nucleic acid hybridiza 
tion and the like) have increased the desirability of achieving 
higher and more accurate sample temperatures. Conductive 
heating Suffers from several drawbacks when attempting to 
elevate the temperature of a Substrate and a sample thereon, 
particularly when attempting to elevate the temperature 
above about 80°C. and more particularly above about 100° C. 
Ideally, the temperature of the heater and the temperature of a 
Substrate touching the heater are identical, but any gap 
between the heater surface and the substrate presents resis 
tance to heat flow and causes different parts of the substrate to 
have different temperatures. The thermal resistance across a 
Substrate depends on heater and Substrate flatness and 
whether any gaps between the heater and the substrate are 
filled with liquid or air. Additionally, the flatness requirement 
places a limit on how thin a heater plate can be constructed. 
The higher the degree of flatness needed, the thicker the plate 
must be, and the thicker the plate, the greaterits thermal mass, 
which limits the rate at which the temperature can be 
changed. 
I0082 If instead an air gap is used between a heater and a 
substrate such that the heater and the substrate do not touch at 
all, heater plate flatness is no longer as great a factor in 
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determining homogeneity of the temperature profile across a 
Substrate. In this instance, heat transfer is primarily radiative 
and not conductive. In Such a configuration, there will be a 
significant temperature difference between the heater and the 
substrate, but the heat transfer is more even across the sub 
strate. Predicting the temperature of the substrate for a given 
heater temperature is possible, but a more effective solution is 
to utilize an infrared sensor that directly measures substrate 
temperature without requiring contact of the sensor with the 
heater or the substrate. Furthermore, an infrared sensor per 
mits not only direct measurement of Substrate temperature, 
but also sample temperature and the temperature of a liquid 
held on a Substrate (such as covering a sample). Non-contact 
infrared temperature sensors are available, for example, from 
Exergen, Inc. (Watertown, Mass.), Perkin Elmer (Waltham, 
Mass.), Raytek (Santa Cruz, Calif.) and Mikron (Oakland, 
N.J.). 
0083. The relative placement of the radiant heater, the 
substrate and the IR sensor can affect the substrate tempera 
ture uniformity that is achievable. In some embodiments, the 
radiant heater is positioned below the Substrate, leaving a 
substantially uniform air gap between the heater and the 
substrate of from about 0.5 mm to about 3.0 mm, for example, 
a substantially uniform air gap of about 1.0 mm. Placement of 
the heater below the substrate and the sensor above the sub 
strate eliminates the potential for the heater and the sensor to 
interfere with one another. While it is possible to place both 
the heater and the sensor on the same side of the substrate, this 
configuration requires a hole in the heater through which the 
sensor can detect the substrate temperature. The hole in the 
heater will make it more difficult to maintain substrate tem 
perature uniformity and does not make it easy to measure the 
temperature of an upper Surface of the Substrate, the tempera 
ture of a sample on the upper surface of the substrate or the 
temperature of a liquid on the upper Surface of a Substrate. If 
the sensor is placed between the substrate and the heater, the 
sensor will block the radiant heat flow, again causing Sub 
strate temperature uniformity. 

0084 As suggested above, another benefit of not having 
the heater touch the substrate is that the flatness of the heater 
is not as important to Substrate temperature uniformity. As a 
consequence, the heater can be made verythin, thereby reduc 
ing the heaters thermal inertia and permitting increased rates 
of Substrate temperature change, both higher and lower. 

0085. One embodiment of a radiant heater and infrared 
sensor configuration is shown in FIG. 16. In this figure, a 
substrate 302 is placed on thermal control unit 300. Infrared 
sensor 304 is positioned above substrate 302 such that its field 
of view coincides with one or more of the top surface of the 
Substrate, a sample on the top surface of the Substrate, and a 
liquid on the top surface of the substrate. Electrical leads 306 
to thermal control unit 300 and sensor leads 308 can be part of 
closed loop electronics (not shown) that work to maintain a 
pre-selected setpoint temperature of one or more of the top 
Surface of the Substrate, a sample on the top Surface of the 
Substrate, and a liquid on the top Surface of the Substrate. 
0086 FIG. 17 illustrates the thermal control unit 300 with 
the substrate removed to reveal, in this embodiment, a radiant 
heater 312 located below the top of the unit. Also shown in 
FIG. 17 are fiducials 310 that hold a substrate in place. 
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Example 4 

Instrument Control 

I0087 An apparatus, system, and a machine-readable 
medium having Stored thereon the instructions for controlling 
processing of samples in different sample cells was created to 
accommodate the entire set of state transitions from Startup to 
Running and back again to a state where the instrument can be 
loaded with new samples, which is a mode referred to as "Run 
Access. Also described is implementation of Landing Zones, 
which permita user to add/change reagents on the instrument 
with minimal disruption of the processing of samples being 
currently processed. 
I0088. In one embodiment (as outlined in the flow diagram 
of FIG. 18), the run startup state machine requires a user to 
depress the “on” button (also referred to as the “Bug' button 
herein) on the Sample Access Panel to place the staining 
instrument into Access Mode. Access Mode allows the com 
pressor to be started, thus providing pressure that allows 
access to the sample chambers. During this mode, the reagent 
hood can be accessed for loading and unloading of reagents. 
Samples can be added to the sample chambers without trig 
gering a nozzle plate move for sample detection and barcode 
read. In order to progress to the next state, the user will need 
to select the Run Button from the host application. 
When the Run Button is selected, the state machine moves 
into Run Startup Mode. This mode will: 

0089 lock the reagent hood, 
0090 prime and purge the bulk fluids, 
0.091 home the reagent carrousel, 
0092 and home the nozzle plate. 

Once these activities are completed, the state machine moves 
into Run Batch Standby Mode. 

Barcode Reading 
0093. During the Run Batch Standby Mode, the reagents 
on the reagent carousel are read and a request is made from 
the host application to retrieve the barcode data for the read. 

0094) Read the reagent barcodes starting from position 
1 through position 35 

0.095 The remote software stores the data from each 
reagent barcode read 

0096. The host software requests the reagent barcode 
data to be returned to the host application through a host 
command and receives an appropriate response. 

0097. The host application qualifies the reagents loaded 
on the reagent carousel based on 
0.098 Product is registered in the database 
(0099 Correct instrument type 
0100 Sufficient tests remaining 
0101 Valid expiration date 
0102) Active reagent status 
0103 Positioning on the carousel (certain reagents 
are required to be side-by-side) 

Failure to qualify any of the reagents will return the state 
machine to Access Mode. The reagent hood will be unlocked 
to allow access to the offending reagents. 
0.104) Next, the nozzle plate starts moving from sample to 
sample to perform sample detection in each of the sample 
chambers that were opened while in Access Mode. When a 
sample is detected, the sample barcode reader will read the 
barcode data. The host application will request a retrieval of 
the sample barcode data. 
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0105 Move to the first position in which a sample 
drawer was opened, detect and read the sample barcode 
if a sample is in the position 

0106 Move to the next sample position, detect and read 
the sample barcode, repeat until all samples are read 

0.107 The remote software stores the data from each 
sample barcode read 

0108. The host software requests the sample barcode 
data to be returned to the host application through a host 
command 

0.109 The remote software sends the barcode informa 
tion to the host application in a response message 

0110. The host application qualifies the protocol 
assigned to the case sample based on 
0111 Protocol is in the database 
0112 Correct instrument type 
0113 Protocol steps matching staining procedure 
steps 

0114. The necessary reagents needed to perform the 
staining procedure are loaded on the reagent carousel 

Failure to qualify any of the protocols will return the state 
machine to Access Mode. The reagent hood will be unlocked 
to allow access to the reagents and sample drawers. 
0115 Once the barcode reading is complete and protocols 
and reagents have been qualified, the state machine will move 
to the Run Standby Mode. The host application will compile 
and download the macro steps for each sample position to the 
remote. Once the download is complete, the state machine 
will move to Running Mode. 

Running 
0116 Samples are processed in lock step during the Run 
ning Mode. Any samples added during this mode will be 
detected in lock step with the samples currently being pro 
cessed. The sample will be detected and read as the nozzle 
plate continues stepping past the new sample. The host appli 
cation will 

0117 request the barcode data, 
0118 qualify the protocol, 
0119 qualify the reagents are available, 
I0120 compile the macro steps 
0121 download the macros to the remote software 
0.122 start the staining process for the samples that 
were added 

This activity happens without impacting the staining process 
on currently running samples. 

Completed Samples State 
0123. When all the samples have completed their respec 

tive staining processes, the state machine moves to Run 
Standby Mode. While in this mode, the reagent hood is locked 
and not accessible for adding/removing reagents. The internal 
reagent hood flag will be initiated to FALSE and cannot be 
changed. 
0.124. Once the sample drawer is open and closed, the 
noZZle plate is homed and begin the sample detection, bar 
code read, compile and download process and ultimately 
begins moving through the state machine again. In the 
embodiment of FIG. 18, there is currently no capability for 
the user to return the state machine to Access Mode to allow 
access to the reagents. 
0.125. A second embodiment that includes Landing Zones 
to permit access to reagents while samples are in process is 
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shown in the flow diagram of FIG. 19. Under normal running 
conditions, samples execute against individual macro Zero 
steps to perform their staining procedures. Under these opti 
mal conditions, samples are processed without regard to out 
side issues such as other samples running, user interventions, 
instrument pauses, etc. While these may be optimal condi 
tions for individual samples, this is less than optimal for lab 
technicians running the instrument, because throughput can 
be adversely affected when reagents run low or need to be 
changed. 
0.126 To increase usability of the instrument in the lab 
environment, the apparatus and system can incorporate 
pause points in most sample procedures, which are potential 
points in Sample processing procedures where a sample can 
safely be paused, for a short amount of time, without adverse 
effects to the sample staining. The instrument can be told to 
pause samples being processed, by informing the instrument 
at which macro Zero step to stop each sample. This declares a 
landing Zone for the instrument as a whole, and affects the 
processing of Samples currently running 
I0127. When the instrument is told to pause at a landing 
Zone, the macro Zero step to pause each running sample is 
passed to it from the host software, as generated from the 
defined pause points in the sample procedures. A check is 
performed for each running sample, comparing the step num 
ber it is currently processing against the requested pause step. 
All pause steps must be greater than the currently processing 
steps, or the instrument will refuse the request to pause all 
samples and will continue normal processing. 
0128. Upon acceptance of the command to pause at a 
landing Zone, the instrument mode is changed to RunPausing, 
and each running sample Successively has its state changed to 
RunPausing until all are paused. In other words, Subsequent 
processing of samples continues, but only until each sample 
reaches a pause point macro Zero step. Once processing for a 
particular sample has been performed on the pause point 
macro Zero step requested, the sample state is changed to 
RunPaused. The nozzle plate position at the point the sample 
enters the RunPaused state is saved. When in the RunPaused 
state, no macro Zero work is performed on that sample. Once 
every active sample has reached the RunPaused state, the 
instrument mode will be changed to RunPaused; and the 
instrument has achieved the landing Zone. 
I0129. Once the landing Zone has been achieved the nozzle 
plate is moved to the center position, after which the nozzle 
plate and reagent tray motor torques are removed, making it 
as easy as possible for the operator to move them to access the 
reagents in the instrument. Once motor movements are com 
plete, the cover lidlock is deactivated and the cover lid switch 
is monitored to detect if an operator opens the lid. An alarm 
will sound to inform the operator that the instrument is ready 
for the reagents to be accessed as required. Lastly, the instru 
ment will start timing how long it has been in the landing 
Zone, for later consideration. 
0.130 Normal actions taken while at a landing Zone 
include the operator opening the cover lid, changing some 
reagents, and closing the lid. In such a case, the reagents must 
be re-read and the host must confirm that reagents are avail 
able to process the samples in the instrument. The details of 
this scenario are described more fully below. Another pos 
sible scenario is one in which the operator does not open the 
cover lid in the amount of time defined in the landing Zone. In 
this scenario, the landing Zone is completed without operator 
intervention, the cover lid is locked and the nozzle plate and 
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reagent tray are re-homed. After the landing Zone has been 
completed via one of the scenarios above, and the cover lid 
has been locked and motors are once again in run position, the 
instrument mode is changed to Running, and each active 
sample will have its state changed to RunResuming. The 
noZZle plate will start regular marching, every 6 seconds. 
When the nozzle plate has reached the previously saved posi 
tion for each sample, that sample's state will be changed to 
Running, and normal macro Zero processing will resume. 
Thus, in summary and with reference to FIG. 20: 

I0131 Landing Zones are opportunities for the user to 
access the dispenser carousel to replenish available 
reagent inventory while the instrument is processing 
samples. 

I0132 Landing Zones are defined by discrete pause point 
steps encoded in the staining procedures of the samples 
currently being processed on the instrument. 

0.133 Procedure writers insert pause point steps as fre 
quently as necessary along non-critical areas of the 
staining process where the sample can situnattended for 
a prolonged period of time. 

I0134) Landing Zones are calculated dynamically by 
aligning on available pause points across all running 
samples’ staining procedures (see, FIG. 20). 

0.135 Landing Zones are opportunities for reagent car 
ousel access, so if never exercised by the user, landing 
Zones have no effect on the timing or the outcome of the 
samples being processed. 

0.136 If the user chooses to exercise a particular landing 
Zone, the host instructs the instrument to pause each 
sample's staining process at the designated pause point. 

0.137. One sample at a time, the instrument will halt 
sample execution once the sample reaches the desig 
nated pause point. 

0138 Further details regarding the schemes of FIGS. 19 
and 20 follow. In a second embodiment of a run startup state 
machine, the instrument is able to re-start the processing of 
new samples automatically, given an idle period that comes 
after completing other samples. A different state machine 
which accommodates this cyclical nature is described. This 
startup process can be initiated via many different sequences 
of states, for example: 
0139 1. From Idle mode (such as after a power cycle), the 
user presses the Run button in the user interface (UI), which 
primes/purges the instrument (Run Startup mode) and sends 
a message to enter Run Access mode. 
0140 2. From Access mode, the user loads samples, 
presses the Run button in the UI, which purges the instrument 
(Run Startup mode) and sends a message to enter Run Read 
Reagent mode (effectively skipping Run Access mode, where 
there was no work to do). 
0141 3. From Running mode, the last active sample com 
pletes and the remote software transitions itself to RunAccess 
mode. 

0142. 4. After a Landing Zone has been achieved, the 
remote software transitions itself to Run Paused Access 
mode. This mode is more restricted in what the user can do 
(no sample drawers may be opened, but reagents can be 
changed/replenished). 
0143 Both the host and the instrument are able to change 
the instrument states. It is indicated both in text and on the 
logic diagram when the either host or instrument has the 
responsibility to make the state transition (see FIG. 19). 
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0144. Timers 
0145 Each timer is configurable. At initialization time, the 
Host sends the values of these timers down to the instrument. 
The values are stored in an ARGUMENTS table of the host 
software. 
0146 These timers are: 

0147 Sample Drawer Loaded timeout, for example, set 
to 30 seconds. 

0.148 Reagent Hood Opened timeout, for example, set 
to 2 seconds. 

0149 Flags 
0150. The flags include: 

0151 Cover Lid Flag (specifically, “CoverLid 
WasLifted') 
0152 This flag indicates that the contents of the 
reagent carousel have been modified by the user since 
the last time the barcodes were scanned. 

0153. Flag is cleared (false) when the reagent scans 
begin. 

0154 Flag is set (true) when the reagent door has 
been opened. 

0155 Flag is set (true) if the host is unable to qualify 
all reagents and the user must take corrective action. 

0156 Flag is used to determine whether to re-read 
reagents when the host sets the mode to “Run Read 
Reagent Mode'. 

(O157 Flag (when set) is used to NAK the 2 host 
messages that set the reagent ID data. 

0158. As a rule, any state transition out of Run Read 
Reagent mode that is not into Run Starting, Run 
Resuming or Run Read Samples mode will also clear 
the Flag. This covers the reagent barcode reading 
failure cases. 

0159. Cover Lid Current State 
0160 This flag indicates the current state of the 
reagent cover/door, open or closed. 

0.161 The event of changing the state also causes a 
mode change to “Run Access Mode', if reading bar 
codes. 

0162 Landing Zone Flag 
0163 This flag indicates that the instrument is oper 
ating in a Landing Zone. 

0164 Flag is set when the “Run Pausing Mode” tran 
sitions to “Run Paused Access Mode' 

0.165 Flag is cleared when “Run Resuming Mode' 
transitions to “Running Mode' 

(0166 Run Access Mode 
(0167. The instrument enters this mode either when all 
samples have completed, or an error has occurred during the 
processes leading up to starting runs. Opening the reagent 
hood when unlocked (during the barcode reading modes) will 
change the instrument back to one of the Run Access modes 
(there are 2). Also, a reagent read failure, sample read failure, 
or run compile failure leads to the host changing the instru 
ment mode back to Run Access. There, the user can either 
unload samples, change reagents, or fix the run compile prob 
lem at the host. The host will then send another mode change 
command to enter Run Read Reagent Mode. 
0.168. During the Run Access Mode, the reagent hood and 
sample chambers are accessible. A timer is created for moni 
toring the hood switch and sample chamber activity. The 
timer begins a countdown to move to the next mode within the 
state machine. The timer is deactivated while the reagent 
hood is open. Once the reagenthood is closed, the timer resets 
and starts the countdown. Each time a sample drawer is 
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opened, the timer resets and countdown is re-started. The 
timer also is deactivated when there are no samples in the 
SSLoaded State. 

0169. To exit the mode, a Set Operational Mode com 
mand is sent as a result of user action correcting an error 
at the host (such as reagent registration, Sample barcode, 
or protocol). 

0170 The mode change will be NAK'd (not acknowl 
edged) if the reagent hood is open. 

(0171 Run Paused Access Mode 
0172. This mode is like Run Access mode, except sample 
access is prohibited. This is the Run Access mode used for 
Landing Zones. The instrument enters this mode from a suc 
cessful Run Pausing mode, where the user may then open the 
reagent hood to shuffle/load/unload reagents as desired. A 
flag is set to indicate that this is a Landing Zone, in the 
transition from Run Pausing mode into Run Paused Access 
mode. Here: 

0173 The host may send the Resume command to exit 
the mode. 

0.174 Resume command may specify reagent product/ 
serial/priming data and relocation information, but it 
will be ignored. 

(0175 Run Read Reagent mode will be entered with 
knowledge of whether the reagents need scanning or not 
(the Cover Lid Flag). 

(0176) The Resume will be NAK'd if the reagent hood is 
open. 

0177) 
0178 Incases where the user starts in Idle or Access mode, 

it can affect the path through the state machine if samples are 
loaded before reaching Run Access mode. In Idle mode, the 
user may press the “Running” button on the PC to get the 
instrument to Run Startup (via host message), then to Run 
Access mode (the instrument transitions itself). The sample 
states are all set to SSEmpty, since the predominant assump 
tion is that the user only unloaded samples. 
0179 If the instrument is in Idle mode and has sufficient 
pressure to open/close sample drawers, the user will unload 
and might also load samples before pressing the Running 
button. If this occurs, the instrument could remain in Run 
Access mode, unaware that samples are loaded and no timers 
are running yet, thus only opening and closing a sample 
drawer(cell) will prod the instrument into action. This one 
sample will start running Any other samples loaded when it 
was Idle will be detected automatically and started, once the 
instrument is processing samples normally in imRunning 
mode. 

0180. In Access mode, the instrument is pressurized and 
samples can be loaded/unloaded more easily. The loaded 
sample positions cannot be determined yet, so all the sample 
states are changed to SSLoaded automatically when the user 
presses the “Running” button on the PC. The instrument will 
go to Run Startup (via host message), then it will skip Run 
Access mode and go right into Run Read Reagent Mode. All 
the sample positions are detected and read once Run Read 
Sample mode is reached. 
0181 Also, if the user has opened any sample drawers in 
either of these modes and left them open, then presses the 
Running button, the user will be prompted to close the sample 
drawers first. 

Sample Loading During Idle or Access Mode 
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0182 Run Read Reagent Mode 
0183. The instrument enters this mode from either Run 
Startup mode, Run Access mode, or Run Paused Access 
mode. 

0184 
mode. 

0185 
mode. 

0186 If the Cover Lid Flag is cleared (false) when the 
mode is entered, reagent reading is skipped. 

0187. If the Cover Lid Flag is set (true) when the mode 
is entered, a full reagent read is performed. 

The Cover Lid State must be closed to enter this 

The Cover Lid Solenoid is not locked in this 

0188 The Cover Lid Flag is cleared upon entry to this 
mode. 

(0189 The Cover Lid Flag is set if the host determines 
there is a read failure or invalid barcode. 

0.190 Sample drawers are accessible in this mode. A 
sample drawer opened and closed will transition to 
SSLoaded State. 

0191 The reagent barcode read process then consists of: 
0.192 Nozzle Plate seeks to the “instrument center 
position. 

0193 Home the reagent carousel. 
0194 Read the reagent barcodes starting from position 
1 through position 35. 

0.195. The remote software will store the data from each 
reagent barcode read. 

0196. The host software will request the reagent bar 
code data to be returned to the host application through 
a host command, with appropriate response. 

0.197 The host application will qualify the reagents 
loaded on the reagent carousel based on: 
0198 Product is registered in the database. 
(0199 Correct instrument type. 
(0200 Valid expiration date. 
0201 Active reagent status. 

0202) If the reagent read occurs in a Landing Zone 
sequence, the reagents can be further qualified to know: 
0203 If the positioning on the carousel is valid (cer 
tain reagents are required to be side-by-side). 

0204 If sufficient tests remain to complete the stain 
ing runs. 

0205 If the user opens the hood during the read of 
reagents, the read will stop and the instrument transitions 
itself back to Run Access mode. 
0206. Once the reagent read is completed (either by doing 
a full read or skipping it) the remote stays in the Run Reagent 
Read mode, sets the submode to “Reagent Read Done', then 
waits. Then, if the Landing Zone flag is not set: 

0207. If reagent data is valid, 
0208 Reagent identifiers are downloaded by the 
host. 

0209. The host will send a mode change message to 
go to Run Read Sample mode. 

0210. Once the change to Run Read Sample mode is 
reached, the cover lid solenoid is locked. 

0211. If the reagent data is not valid, 
0212. The host will send a mode change message to 
go to Run Access Mode. 

0213. The Cover Lid Flag is set. 
0214. If the cover lid is opened at any time in this mode, 
0215 Reagent reads are stopped. 
0216) The Cover Lid Flag is set. 
0217. The mode is changed back to Run Access 
mode. 
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0218 OR if the Landing Zone flag is set: 
0219. If a Resume message is sent while the door is still 
open, it will be NAK'd. 

0220. If reagent data is valid, 
0221) The host will send a Resume message, which 
must specify reagent product/serial/priming data and 
relocation information. 

0222. The Resume command will cause a transition 
to Run Resuming Mode. 

0223) Once the change to Run Resuming Mode is 
reached, the cover lid solenoid is locked. 

0224. If the reagent data is not valid, 
0225. The host will send a mode change message to 
go to Run Paused Access Mode. 

0226. The Cover Lid Flag is set. 
0227. If the cover lid is opened at any time in this mode, 
0228 Reagent reads are stopped. 
0229. The Cover Lid Flag is set. 
0230. The mode is changed to Run Paused Access 
mode. 

0231. Run Read Sample Mode 
0232. The instrument enters this mode from Run Read 
Reagent mode, and the Cover Lid solenoid is locked when the 
instrument is in this mode. 
0233. The remote software is placed in this mode by the 
host for a non-Landing Zone sequence. The remote Software 
checks the sample states to determine if there is a need to read 
the sample barcodes in a specific position (SSLoaded State). 
0234. If any sample is in the ssLoaded state, the following 
steps will occur to read the samples: 

0235 Sample drawer opening is inhibited in this mode. 
0236 Home the nozzle plate. 
0237 Advance the Sample Detect station to the first 
sample needing inspection. 

0238. Detect the sample presence. 
0239) Depending on which is closer, move the Sample 
Detect station to the next sample needing inspection, OR 
move the Barcode Readerstation to the next sample that 
was successfully detected. 

0240 Repeat until all samples in the ssLoaded state are 
both detected and scanned by the barcode reader (if 
present). 

0241 The remote software will store the data from each 
sample barcode read. 

0242. The host software will request the sample bar 
code data to be returned to the host application through 
a host command with appropriate response. 

0243 The host application will qualify the protocol 
assigned to the case sample based on 
0244 Protocol or Keycode is in the database. 
0245 Correct instrument type. 
0246 Protocol steps matching staining procedure 
steps. 

0247 The necessary reagents needed to perform the 
staining procedure are loaded on the reagent carousel. 

0248 If the previous reagent read was NOT for a Land 
ing Zone sequence, the reagents can now be qualified to 
know: 

0249. If the positioning on the carousel is valid (certain 
reagents are required to be side-by-side). 

0250) If sufficient tests remain to complete the staining 
U.S. 
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0251. If the user opens the hood during the read of 
samples, the read will stop and the instrument transitions 
itself back to Run Access mode. 

0252) Once the sample reading is completed for 0 or more 
samples, the remote stays in the Run Sample Read mode, and 
sets the submode to “Sample Read Done'. 

0253) If the data is valid, the host will send a mode 
change messages to go to Run Starting Mode. 

0254. If the data is not valid, the host will send a mode 
change message to go to Run Access Mode. 

(0255 Run Starting Mode 
0256 In this mode, the host application compiles and 
downloads the macro steps for each sample position to the 
remote. When the first staining run download is complete 
(there will be one for each sample, arriving serially), the 
remote software transitions automatically to Running mode. 
0257 
0258 Samples (such as on samples) are processed in lock 
step during the Running Mode. Any samples added during 
this mode are detected in lock step with the samples being 
processed. The sample will be detected and then read as the 
nozzle plate continues stepping. The host application will: 

0259 

Running Mode 

Request the barcode data. 
0260 Qualify the protocol. 
0261 Qualify the reagents are available with sufficient 
tests, and are ordered correctly on the carousel (the 
side-by-side requirement). 

0262 
0263 
0264 Start the staining process for the samples that 
were added. 

0265. This activity happens without impacting the stain 
ing process on currently running samples. 
0266 
0267 
mode. 

0268 A Resume command will be sent here when the 
user decides not to pause the instrument, and to go back 
to running mode. 

0269. Resume command may specify reagent product/ 
serial/priming data and relocation information, but it 
will be ignored. 

0270. Any sample positions already paused will be re 
started. 

0271 
0272 
0273 When all the samples have completed the staining 
process, the remote software will transition itselfback to Run 
Access Mode. While in this mode, the reagent hood will be 
unlocked and accessible for adding/removing reagents. 
0274 As described earlier in the Run Access mode, the 
internal timer for sample drawer access will be deactivated 
until a sample drawer is opened and closed to put a sample 
into the ssLoaded state. Once the sample drawer is closed the 
internal timer begins counting down. Each Subsequent 
sample drawer opening and closing resets the timer. Once the 
timer has exhausted and the reagent hood is in the closed 
position, the nozzle plate is homed and begins the sample 
detection process, and then continues through the state 
machine again to the Running mode. 

Compile the macro steps. 
Download the macros to the remote software. 

Run Pausing Mode 
The instrument will enter this mode from Running 

Running mode will then be entered. 
Completed Samples 
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Example 5 

Landing Zones—Embedded Software Design 
Considerations 

0275 Landing Zone Parameters: 
0276 A number of configurable parameters are provided 
in order to accurately accommodate the computation of land 
ing Zones, some of which parameters are illustrated in FIG. 
20. 

Total Allotted Landing Zone Timeout 
0277. The maximum number of seconds any one 
sample can remain in a Paused state. This includes, the 
time it takes for all processing sample positions to come 
to the pause point, the time required by the user to Switch 
out the desired dispensers along with the time for the 
instrument to rescan all the reagent barcodes. 

0278. The instrument will sound a major alarm Hood 
Warning Timeout seconds before this timeout is 
reached. 

0279. Each sample is separately timed from when it was 
actually paused. 

0280. Once this timeout has expired for a sample, the 
instrument will raise a sample level exception that will 
be logged on the sample's run report. 

0281. The software defaults to four hours (14,400 sec 
onds) 

0282 Configurable via a Host Option Argument (Data 
Type 23) 

0283 Landing Zone Maximum Secs 
0284 Hood Warning Timeout 

0285. This value represents the optimal amount of time 
it would take an operator to exchange 80% of the dis 
pensers from the reagent carousel. 

0286 Once the reagent hood has been opened, by the 
user during a Landing Zone, this timeout is used to drive 
a minor error 'snooze' alarm. 

0287. When the hood is kept open for longer than this 
timeout value, the instrument will alarm with a minor 
error fault. 

0288. Once the hood is closed the alarm is silenced. 
0289. If the hood is reopened, the process is repeated 
until Total Allotted Landing Zone Timeout is reached. 

0290 Defaulting to ten minutes (600 seconds) 
0291 Configurable via a Host Option Argument (Data 
Type 23) 

0292 Landing Zone Hood Warning Secs 
0293. Auto Resume Timeout 

0294 The amount of time the instrument will wait, after 
all samples have been paused and the reagent hood 
remains unopened, before automatically resuming with 
Sample processing. 

0295) Defaulting to ten minutes (600 seconds) 
0296 Configurable via a Host Option Argument (Data 
Type 23) 

0297 Landing Zone Auto Resume Secs 
0298. Manual Resume Timeout 

0299. The amount of time the instrument will wait, after 
the reagenthood is closed during a Landing Zone, before 
automatically advance into a Run Reading Reagents 
mode and begin scanning reagent barcodes. 

0300 Defaulting to two seconds (2 seconds) 
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0301 
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0302 Landing Zones Algorithms: 
0303 Computing accurate landing Zones depends on 
computing accurate run times. 

0304. Once establishing how long each individual pro 
cedure step of each staining protocol currently process 
ing on the instrument will take to execute, the time 
between pause points can be determined. 

0305 Provided with the protocol and the starting time 
of each sample run identify the first set of available pause 
points to establish a valid landing Zone. Once the first 
landing Zone has been determined, repeat the process 
establishing Successive landing Zones until all pause 
points from all samples have been depleted. 

0306 Some pause points from some samples may be 
overlooked to optimize sample processing throughput 
and to prevent tissue damage by not violating the maxi 
mum pause time but still providing ample down time for 
a user to Switch out the required reagent dispensers and 
to rescan the barcodes. 

0307 
0308 After the instrument has been instructed to pause 
and while it is in the process of pausing execution of each 
sample's staining, the user has the opportunity to cancel 
the landing Zone instruction and resume. 

0309 The instrument is provided with up to Total Allot 
ted Landing Zone Timeout minus 2 times the Hood 
Warning Timeout to reach the designated pause points. 

0310. The user has the option to cancel the selected 
landing Zone while the instrument is pausing. 

0311. If the landing Zone is canceled, but the samples 
have not yet reached their pause points, the landing Zone 
remains as an option after it is canceled. However if any 
one of the samples reaches a designated pause point 
before the landing Zone was canceled, such a paused 
samples resumes processing and that particular landing 
Zone becomes no longer be available to the user. 

0312. Once all samples have been paused, the instru 
ment will automatically resume on paused samples after 
waiting Auto Resume Timeout if the reagent hood seal is 
not broken by the user. 

0313. After the user opens the reagent hood, an alarm 
will sound after Hood Warning Timeout seconds have 
passed, to warn the user to close the reagent hood. 

0314. If the Total Allotted Landing Zone Timeout has 
expired, each sample that has been sitting for more than 
the allotted time window will receive an error in the run 
report to the following effect: 

0315 12-65: Landing Zone Left Unattended. Sample 
Exceeded Allotted Pause Time. 

0316. After the user addresses dispenser inventories 
needs and closes the reagent hood for Manual Resume 
Timeout seconds, the instrument will automatically start 
reading the reagent barcodes. 

0317. While the instrument is reading reagent barcodes, 
the user can re-open the reagenthood to return the instru 
ment back to the landing Zone. 

0318 All reagents currently “In Use' by paused 
samples are required to be on the reagent carousel, 
although some rearranging is allowed. 

Hard coded in the remote staining module firm 

Rules and Considerations: 
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0319. Once the new dispenser positioning information 
is downloaded to the instrument, unprimed dispensers 
are primed and execution is allowed to resume on all 
paused samples. 

0320 If required dispensers are found to be missing 
from the reagent carousel or any other dispenser related 
infractions are encountered, the instrument will sound 
the landing Zone alarm and the instrument remains in the 
landing Zone. 

0321. Other dispenser related infractions: 
0322 Product not registered 
0323 Product expired 
0324 Product exhausted 
0325 Product not registered 
0326 Product missing from Argument table 
0327. Required kit component missing 
0328. Dispensers must be beside each other 

0329 Reagent Pick List: 
0330. After a Landing Zone has been selected by the user, 
a Reagent Pick List is available to provide a list of reagents to 
add or remove from the instrument during the selected land 
ing Zone. 

0331. The report can include the reagent name, product 
type, product code and test needed required to process 
all samples currently in a compiler failed State (i.e. 
samples that have not been able to start because the 
reagents they require were not on the instrument) that 
have a valid protocol. 

0332 The report also can include all dispensers cur 
rently on the reagent carousel that are expired or 
exhausted, or no longer in use by a sample process. This 
report includes the position of the reagent carousel, 
reagent name, product type, expiration date and remain 
ing test count of each dispenser that should be removed 
from the instrument at the selected landing Zone. 

Example 6 

Graphical User Interface 
0333 Shown in FIGS. 21 and 22 are examples of screen 
shots of graphical user interface displays that conveys impor 
tant information to a user. In FIG. 21, the bar-graph in the 
center of the display conveys the progress of each of several 
samples that are being processed simultaneously. Occupied 
sample cells are noted in the arc of numbered positions, and 
the relative progress of each of the samples in those cells are 
indicated the bar graph in the center. 
0334. In FIG. 22, the display shows both the status of the 
sample cells as well as the status of reagents held in a reagent 
carousel, and the levels of bulk fluids (such as cell-condition 
ing fluids, buffers, rinse Solutions, mineral oil (used to create 
a “coverslip' over an aqueous liquid placed on a samples held 
on a substrate). Also displayed is the level of waste in the 
waste containers. All of these features displayed in the graphi 
cal user interface permit real-time monitoring of sample pro 
cessing, and help alert users to conditions that are preventing 
samples from being processed further. 
0335. Despite having described illustrative embodiments 
in detail, it should be understood that the disclosed invention 
is not limited to the particular embodiments described in the 
specification and that many changes may be made without 
departing from the true scope and spirit of the invention, 
which is defined by the claims that follow. For example, other 
configurations of independently movable Substrate Support 
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units that allow continuous or near continuous addition and 
retrieval of samples from the disclosed apparatus are contem 
plated, such as tower structures having Stacks of Substrate 
Supportunits accessed by a sample processorina Vertical grid 
or a vertical arc, and linear configurations where the Substrate 
Support units are in a line and processed using a substrate 
processor that moves in a parallel path to the line of the 
substrate supportunits. Furthermore, those skilled in the art to 
which the invention pertains will recognize, or be able to 
ascertain through no more than routine experimentation, 
many equivalents to the embodiments described herein. Such 
equivalents are intended to fall within the scope of the claims. 

1. An automated biological sample processing apparatus, 
comprising: 

a plurality of substrate holders, each substrate holder auto 
matically and independently movable between a differ 
ent processing position and a different access position; 
and, 

a movable Substrate processor configured to simulta 
neously process two or more Substrates held on two or 
more Substrate holders in their different processing posi 
tions. 

2. The apparatus of claim 1, wherein the plurality of sub 
strate holders comprise independent thermal control units. 

3. The apparatus of claim 2, wherein the independent ther 
mal control units comprise conductive heating platforms. 

4. The apparatus of claim 2, wherein the independent ther 
mal control units comprise radiant heating platforms. 

5. The apparatus of claim 2, wherein the independent ther 
mal control units comprise heating and cooling platforms. 

6. The apparatus of claim 5, wherein the heating and cool 
ing platforms comprise Peltier platforms. 

7. The apparatus of claim 2 further comprising a non 
contact temperature sensor positioned to measure a tempera 
ture of at least one of an upper Surface of a Substrate, a 
biological sample on the upper Surface of the Substrate, and a 
Volume of liquid covering at least a portion of the upper 
surface of the substrate. 

8. The apparatus of claim 7, wherein the non-contact tem 
perature sensor is connected in a feedback loop with a power 
supply for the thermal control unit. 

9. The apparatus of claim 2, wherein the independent ther 
mal control units comprise a source of air flow past one or 
more of the substrate holders. 

10. The apparatus of claim 9, wherein each of the plurality 
of substrate holders has a separate source of air flow. 

11. The apparatus of claim 10, wherein the air flow past 
each of the substrate holders is separated. 

12. The apparatus of claim 11, wherein the air flow past 
each of the substrate holders is directed toward a common 
point at a distance beyond the substrate holders. 

13. The apparatus of claim 1, wherein the plurality of 
Substrate holders in their different processing positions are 
arranged in Substantially the same plane and Substantially 
along a minor arc having a minor arc radius, and the Substrate 
processor is rotatably mounted at a center of the minor arc and 
moves along a path parallel to and in a plane above the minor 
aC. 

14. The apparatus of claim 13, wherein the substrate pro 
cessor comprises an elongate nozzle plate having a first end at 
which it is mounted and a second end, the second end located 
along a length of the nozzle plate toward the minor arc of the 
Substrate holders, and the nozzle plate comprising a plurality 
of nozzles arranged in a plate arc, the plate arc having Sub 
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stantially the same radius as the minor arc along which the 
Substrate holders are arranged. 

15. The apparatus of claim 14, wherein the plate arc of 
noZZles is Smaller in length than the minorarc along which the 
Substrate holders are arranged. 

16. The apparatus of claim 14, wherein the substrate pro 
cessor further comprises a reagent carousel rotatably 
mounted on the nozzle plate. 

17. The apparatus of claim 16, wherein a plurality of dis 
pensers are arranged around the circular profile of a cylindri 
cal reagent carousel mounted with its axis perpendicular to 
the nozzle plate. 

18. The apparatus of claim 14, wherein the plurality of 
noZZles includes two or more of a Vortex mixing nozzle, a 
bulk reagent dispense nozzle, a jet-drain noZZle, a rinse 
noZZle, and a railed aspirator. 

19. The apparatus of claim 1 further comprising an enclo 
Sure housing the Substrate holders in the different processing 
positions, from which enclosure the substrate holders are 
extended outside of the enclosure to the different access posi 
tions. 

20. The apparatus of claim 1, wherein processing of bio 
logical samples held on one or more substrate holders in 
different processing positions automatically continues while 
one or more of the sample holders are in different access 
positions. 

21. An automated biological sample processing apparatus, 
comprising: 

a plurality of substrate holders arranged in substantially the 
same plane along a minor arc of a circle, the circle 
having a first radius; 

an elongate nozzle plate rotatably mounted at the center of 
the circle and extending toward the minor arc in a plane 
above the plurality of substrate holders and along a 
radial line of the minor arc; and 

a cylindrical reagent dispenser carousel rotatably mounted 
on the elongate nozzle plate, the cylindrical carousel 
having an axis and a second radius, the second radius 
being Smaller than the first radius, the cylindrical carou 
sel mounted on the elongate nozzle plate such that a 
reagent dispenser on the carousel can be positioned over 
a Substrate holder along the minor arc through a combi 
nation of rotational movement of the nozzle plate around 
the center of the circle and rotational movement of the 
carousel around its axis. 

22. The apparatus of claim 21, wherein each of the plurality 
of substrate holders is independently extendable outward 
from the minorarc along separate radial lines of the minor arc. 

23. The apparatus of claim 21, wherein ambient air is 
directed along radial lines of the minor arc past two or more 
of the substrate holders. 

24. The apparatus of claim 23, wherein the ambient air is 
directed past the substrate holders toward the center of the 
circle of which the minor arc is part. 

25. The apparatus of claim 23, wherein ambient air directed 
past a first substrate holder is substantially separated from 
ambient air directed past a second Substrate holder. 

Jan. 29, 2015 

26-36. (canceled) 
37. A method for improving the coordination of biological 

sample processing with biological sample preparation, com 
prising: 

cutting a tissue section; 
placing the tissue section on a Substrate, the Substrate 

including a machine-readable code that specifies a pre 
determined set of sample processing steps for the tissue 
section; 

placing the tissue section on the Substrate into an unoccu 
pied Substrate Support unit of a biological sample pro 
cessing apparatus, the apparatus having a plurality of 
separate Substrate Support units where each of the Sub 
strate Supportunits are automatically and independently 
movable between a separate processing position and a 
separate access position, the unoccupied Substrate Sup 
portunit held in the access position to receive the sub 
Strate; 

causing the Substrate Supportunit to move to the processing 
position; and 

initiating processing of the sample without interrupting the 
processing of other samples already being processed by 
the apparatus. 

38. The method of claim 37 further comprising alerting a 
user that a Substrate Support unit of the apparatus is unoccu 
pied and ready to receive a substrate Supporting a tissue 
sample, or alerting the user that a Substrate Supporting a tissue 
sample for which processing is completed can be retrieved 
from the apparatus to provide the unoccupied Substrate Sup 
port unit. 

39. A method for controlling the operation of a biological 
sample treatment system to provide opportunities to replenish 
or change reagents on the system, wherein each of a plurality 
of samples is independently being processed by the system, 
comprising: 

determining pause point steps for each sample of the plu 
rality of Samples; 

calculating a landing Zone by aligning the pause points for 
all of the plurality of Samples; and, 

automatically stopping processing of samples at the land 
ing Zone and automatically providing access to a plural 
ity of reagent containers held on the system so that the 
reagent containers can be removed, replaced orchanged. 

40. A system for processing biological samples, the system 
comprising: 

a biological sample processing system for independent 
processing of a plurality of samples coupled to a com 
puter; and, 

instructions for performing the method of claim 39 stored 
on the computer. 

41. A program storage device readable by a machine tan 
gibly embodying a program of instructions readable by the 
machine to perform the method of claim 39. 
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