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Description

FIELD

[0001] The present teachings relate to systems and
methods for multiple analyte detection.

BACKGROUND

[0002] Biochemical testing for research and diagnostic
applications can require simultaneous assays including
a large number of analytes in conjunction with one or a
few samples and can include extended sample manipu-
lation, multiple test substrates, multiple analytical instru-
ments, and other steps. It is desirable to provide a method
for analyzing one or a few biological samples using a
single test device with a large number of analytes while
requiring a small amount of sample. It is desirable to pro-
vide a device that is small in size while providing high-
sensitivity detection for the analytes of interest with min-
imal sample manipulation. It is desirable to provide a
method of loading the sample(s) into chambers on the
substrate and individually sealing each chamber.
[0003] Various techniques for sealing sample cham-
bers of a substrate are described in the prior art. U.S.
Patent No. 5,288,463 discloses a cuvette-like contain-
ment device that can be fdled with nucleic acid sample.
The containment device has a structure that is sealable
after sample insertion to prevent leakage of the contained
sample and comprises several reaction compartments
connected via passageways that are temporarily sealed.
U.S. patent publication No. 2004/0110275 discloses a
substrate with multiple wells that can receive sample for
biological testing. The wells can be sealed with a plate
that comprises corresponding closure elements config-
ured to seal each sample well according to a snap-tit
sealing mechanism when the substrate is covered with
the plate and pressure is used to allow the closure ele-
ments to move from a contacting to a sealing position.
[0004] It is further desirable to provide a mechanism
for venting of the substrate during filing, while also avoid-
ing and/or minimizing leakage of fluid (e.g., biological
sample and/or reagents) from the test device.

SUMMARY

[0005] According to the present invention, there is pro-
vided a system for distribution of a biological sample ac-
cording to claim 1. Particular embodiments of the inven-
tion are set out in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various embodiments of the present teachings
are exemplified in the accompanying drawings. In the
drawings:

Fig. 1 illustrates a perspective view of a substrate

base for biological analysis;
Fig. 2A illustrates a top view of a substrate for bio-
logical analysis
Fig. 2B illustrates an exploded perspective view of
a substrate for biological analysis;
Figs. 3A-3B illustrate a perspective view with mag-
nified section of a sealing plate not being part of the
present invention;
Fig. 3C is a partial perspective view of another seal-
ing plate and substrate not being part of the present
invention;
Fig. 3D is a partial view of the sealing plate of Fig.
3C from the protrusion side of the plate;
Fig. 4 illustrates an exploded perspective view of a
substrate for biological analysis with a sealing plate
not being part of the present invention
Fig. 5 illustrates top view of a substrate for biological
analysis;
Fig. 6 illustrates a perspective view of an instrument
for biological sample preparation including six fluidic
cartridges;
Fig. 7 illustrates a cut-away perspective view of a
cartridge for biological sample preparation;
Fig. 8A illustrates a perspective view of a substrate
for biological analysis not being part of the present
invention;
Figs. 8B and 8C illustrate cross-sectional views of
Fig. 8A taken through line 8C-8C;
Figs. 9A-9B illustrate perspective views of examples
for sealing the substrate of Figs. 8A-8C and 10A-
10C, not being part of the present invention;
Fig. 10A illustrates a perspective view of a substrate
for biological analysis not being part of the present
invention
Figs. 10B and 10C illustrate cross-sectional views
of Fig. 10A taken through line 10C-10C;
Fig. 11 illustrates a cross-sectional view of a sub-
strate for biological analysis;
Figs. 12A-12B are cross-sectional views of filling and
sealing the substrate of, not being part of the present
invention;
Fig. 13 is a perspective view of a substrate for bio-
logical analysis;
Fig. 14 is a perspective, isometric view of another
substrate for biological analysis;
Fig. 15 is a perspective, isometric view of yet another
substrate for biological analysis;
Fig. 16 is a perspective, isometric view of a substrate
for biological analysis;
Fig. 17 is a perspective, isometric view of yet another
substrate for biological analysis;
Figs. 18A-18C illustrate perspective views of vent
holes formed in various materials via Oxford Laser,
Inc. instruments;
Fig. 19 is a perspective view of yet another substrate
for biological analysis;
Figs. 20A and 20B illustrate perspective views of
sample chambers, venting channels, and venting
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chambers;
Figs. 21A-21C schematically illustrate cross-sec-
tional views of exemplary steps of filling a feature of
a substrate for biological analysis;
Figs. 22A-22C schematically illustrate cross-sec-
tional views of exemplary steps of filling a feature of
a substrate for biological analysis;
Figs. 23A and 23B schematically illustrate cross-
sectional views of exemplary steps of filling a feature
of a substrate for biological analysis;
Fig. 24 illustrates a top view of yet another substrate
for biological analysis;
Fig. 25 illustrates a perspective view of yet another
substrate for biological analysis;
Fig. 26 illustrates a top view of yet another substrate
for biological analysis;
Fig. 27 illustrates a top view of yet another substrate
for biological analysis;
Fig. 28 is a partial cross-sectional view of a sample
chamber and venting chamber provided with a vent
through hole;
Figs. 29 and 30 are top and perspective views of a
sealing roller for sealing a substrate according to var-
ious embodiments of the present teachings;
Fig. 31 is a perspective view of another sealing roller
according to various embodiments of the present
teachings;
Figs. 32 and 33 are partial, cross-sectional views of
a substrate and a thermal block for sealing a sub-
strate, not being part of the present invention
Figs. 34, 35, and 35A are partial, cross-sectional
views of thermal blocks for sealing a substrate, not
being part of the present invention;
Fig. 36 is a top view of a sample chamber with an
escape channel, not being part of the present inven-
tion
Fig. 37 is a partial cross-sectional view of a substrate
that uses capacitance overfill detection, not being
part of the present invention;
Fig. 38 is a perspective view of a substrate for bio-
logical analysis, not being part of the present inven-
tion;
Figs. 39A-39C are perspective views of steps of fill-
ing and sealing the substrate of Fig. 38, not being
part of the present invention;
Fig. 40A is a partial, perspective, isometric view of
a substrate for biological analysis;
Figs. 40B and 40C are partial cross-sectional views
of the substrate of Fig. 40A showing the substrate
before and after being filled with sample, respective-
ly;
Figs. 41A and 41B are partial perspective views of
a substrate for biological analysis;
Figs. 42A-42C are partial perspective views of a sub-
strate for biological analysis not being part of the
present invention;
Figs. 43A-43C are partial perspective views of a sub-
strate for biological analysis;

Fig. 44 is a perspective view of a substrate for bio-
logical analysis;
Fig. 44A is a close-up of section 44A of the substrate
of FIG. 44;
Fig. 45 is a perspective view of a device for inserting
porous fibers in substrates for biological analysis;
Figs. 46A-46D show exemplary steps for making the
substrate of Fig. 44;
Figs. 47A and 47B are a partial perspective and
cross-sectional view of a substrate for biological
analysis;
Figs. 48A-48C are perspective views of yet another
substrate for biological analysis;
Fig. 49 is a partial cross-sectional view of the sub-
strate of Figs. 48A-48C;
Fig. 50 is a partial perspective view of the substrate
of Figs. 48A-48C;
Figs. 51A and 51B are perspective views of yet an-
other substrate for biological analysis;
Fig. 52 is a perspective view of a system for pack-
aging a plurality of substrates for biological analysis;
Figs. 53A and 53B are a perspective and cross-sec-
tional view of a thermocycler in;
Fig. 54 is a perspective view of a holding fixture and
subcards;
Fig. 55 is a perspective view of a holding fixture and
subcards;
Fig. 56 is a perspective view of another holding fix-
ture and subcards; and
Figs. 57-61 are perspective views of substrate car-
riers.

[0007] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are intended to
provide a further explanation of the various embodiments
of the present teachings.

DETAILED DESCRIPTION

[0008] In this application, the use of the singular in-
cludes the plural unless specifically stated otherwise. In
this application, the use of "or" means "and/or" unless
stated otherwise. Furthermore, the use of the term "in-
cluding", as well as other forms, such as "includes" and
"included", is not limiting. Also, terms such as "element"
or "component" encompass both elements and compo-
nents comprising one unit and elements and components
that comprise more than one subunit unless specifically
stated otherwise. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to
refer to the same or like parts. In this application, exam-
ples are not embodiments of the claimed invention.
[0009] The section headings used herein are for or-
ganizational purposes only, and are not to be construed
as limiting the subject matter described.
[0010] The term "sample chamber" as used herein re-
fers to any structure that provides containment to a sam-
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ple. The chamber can have any shape including circular,
rectangular, cylindrical, etc. Multi-chamber arrays can in-
clude 12, 16, 24, 36,48, 96,192, 384, 3072, 6144, or more
sample chambers. The term "channel" as used herein
refers to any structure that is smaller than a chamber. A
channel can have any shape. It can be straight or curved,
as necessary, with cross-sections that are shallow, deep,
square, rectangular, concave, or V-shaped, or any other
appropriate configuration. A "distribution portion" of a
substrate may refer to any portion of the substrate con-
figured to contain, flow, receive, or otherwise hold sample
and/or gas in the substrate. Examples of distribution por-
tions include main fluid supply channels, venting chan-
nels, venting chambers, sample chambers, sample in-
troduction channels, overfill chambers, and virtually any
other channels and/or chambers of the substrate.
[0011] The term "biological sample" as used herein re-
fers to any biological or chemical substance, typically in
an aqueous solution with luminescent dye that can pro-
duce emission light in relation to nucleic acid present in
the solution. The biological sample can include one or
more nucleic acid sequence(s) to be incorporated as a
reactant in a polymerase chain reaction (PCR) and other
reactions such as ligase chain reactions, antibody bind-
ing reactions, oligonucleotide ligations assay, hybridiza-
tion assays, and invader assays (e.g., for an isotherm
reaction). The biological sample can include one or more
nucleic acid sequences to be identified for DNA sequenc-
ing.
[0012] The term "luminescent dye" as used herein may
refer to fluorescent or phosphorescent dyes that can be
excited by excitation light or chemiluminscent dyes that
can be excited chemically. As used herein, " luminescent
dye" may also include the use of energy transfer pairs
(intramolecular or intermolecular). For example, excita-
tion of one energy transfer pair member and emission of
the other member may expand the range of emission
wavelengths for multiplexing. Quenchers selected
should be suitable for both members of the energy trans-
fer pair. Luminescent dyes can be used to provide differ-
ent colors depending on the dyes used. Several dyes will
be apparent to one skilled in the art of dye chemistry,
including, for example, intercalating dyes. One or more
colors can be collected for each dye to provide identifi-
cation of the dye or dyes detected. The dye can be a dye-
labeled fragment of nucleotides. The dye can be a marker
triggered by a fragment of nucleotides. The dye can pro-
vide identification of a nucleic acid sequence in the bio-
logical sample by association, for example, bonding to
or reacting with a detectable marker, for example, a re-
spective dye and quencher pair. The respective identifi-
able component can be positively identified by the lumi-
nescence of the dye. The dye can be normally quenched,
and then can become unquenched in the presence of a
particular nucleic acid sequence in the biological sample.
The fluorescent dyes can be selected to exhibit respec-
tive and, for example, different, excitation and emission
wavelength ranges. The luminescent dye can be meas-

ured to quantitate the amount of nucleic acid sequences
in the biological sample. The luminescent dye can be
detected in real-time to provide information about the
identifiable nucleic acid sequences throughout the reac-
tion. Examples of fluorescent dyes with desirable excita-
tion and emission wavelengths can include 5-FAM™,
TET™, and VIC™. The term "luminescence" as used
herein refers to low-temperature emission of light includ-
ing fluorescence, phosphorescence, electrolumines-
cence, and chemiluminescence.
[0013] In various examples, sample chambers can be
dimensioned to hold from 0.0001 mL to 10 mL of sample
per chamber, or between 0.001 mL and 2 mL. Conven-
iently, the volume of each detection chamber is between
0.001 mL and 1 mL. For example, a chamber having a
volume of 0.2 mL may have dimensions of 1 mm31
mmx0.2 mm, where the last dimension is the chamber’s
depth. As a further example, a chamber may have a sub-
stantially cylindrical shape having a diameter of about
1.96 mm and a depth of about 0.5 mm and a volume of
about 1.35 mL.
[0014] In various examples, the sample introduction
channels can be dimensioned to facilitate rapid delivery
of sample to the sample chambers, while occupying as
little volume as possible. For example, cross-sectional
dimensions for the channels can range from 0.5 mm to
250 mm for both the width and depth. In some examples,
the channel path lengths to the sample chambers can be
minimized to reduce the total channel volume. For ex-
ample, the network can be substantially planar, i.e., the
sample introduction channels and sample chambers in
the substrate intersect a common plane.
[0015] "Venting mechanisms" as used herein may re-
fer to any mechanism configured and arranged to permit
gas to escape therethrough and leave the substrate.
Venting mechanisms may be the last structure the gas
passes through prior to leaving the substrate or be a
structure that passes the escaping gas therethrough to
another structure that is the last structure before the gas
escapes the substrate. Venting mechanisms may permit
the passage of gas while substantially preventing the
passage of liquid. Also, venting mechanisms may be
used in combination with one another to permit gas to
escape the substrate. Examples of venting mechanisms
include, but are not limited to, gas-permeable or porous
membranes, vent through holes either in a film layer, a
base or both, porous fibers, and hydrophobic liquid stops.
[0016] There are a variety of means for distributing the
biological sample to the plurality of sample chambers. All
of these include applying a force. The force can be a
pulling force or a pushing force, depending on whether
it provides a negative (pulling) or positive (pushing) force
relative to the direction of fluid flow. Examples of forces
and how the force is enacted upon the biological sample
include spinning the substrate to provide centrifugal force
to push the liquid, sizing the sample introductory chan-
nels to provide capillary force to pull the liquid, aspirating
the sample through the vents to pull the liquid, evacuating
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the sample chamber to pull the liquid, and/or providing
pressure, such as by pumping, compressing, plunging,
etc. to push the liquid. In each of these configurations,
the venting channels and vents can be used to accom-
modate the displaced venting gas, whether air or other
gas such as nitrogen, that is pushed out by the sample
or the venting channels and vents can be used to evac-
uate the gas in the sample chambers to create a vacuum
for the sample or aspirate sample itself.
[0017] In various examples, the substrate that defines
the sample-distribution network can be constructed from
any solid material that is suitable for conducting analyte
detection. Materials that can be used will include various
plastic polymers and copolymers, such as polypropyl-
enes, polystyrenes, polyimides, COP, COC, and poly-
carbonates. Inorganic materials such as glass and silicon
are also useful. Silicon is especially advantageous in
view of its high thermal conductivity, which facilitates rap-
id heating and cooling of the substrate if necessary. The
substrate can be formed from a single material or from
a plurality of materials. Examples of this are described
at U.S. Pat. No. 6,126,899.
[0018] In various examples, the sample-distribution
network including cavities and trenches, for example,
formed in a substrate base portion, can be formed by any
suitable method known in the art. For plastic materials,
injection molding can be suitable to form sample cavities
and connecting channels having a desired pattern. For
silicon, standard etching, RIE, DRIE, and wet-etching
techniques from the semiconductor industry can be used
as known in the art of photo-lithography.
[0019] In various examples, the substrate can be pre-
pared from two or more laminated layers. The term "de-
tection-compatible material" as used herein refers to the
optical detection with a substrate that includes one or
more layers which provide an optical transparency for
each sample chamber. By way of example, the optical
transparency may permit detection of a luminescent dye.
Silica-based glasses, quartz, polycarbonate, or an opti-
cally transparent plastic layer may be used, for example.
Selection of the particular detection-compatible material
depends in part on the optical properties of the material
and the detection mechanism. For example, in lumines-
cent dye-based assays, the material should have low flu-
orescence emission at the wavelength(s) being meas-
ured. The detection-compatible material should also ex-
hibit minimal light absorption for the signal wavelengths
of interest. However, in some cases, for example, to min-
imize crosstalk, it may be desirable to provide a substrate
material that has relatively high absorption. Examples of
such materials are described at U.S. Pub. No.
2005/0226779A1.
[0020] In various examples, other layers in the sub-
strate can be formed using the same or different materi-
als. The term "assay-compatible material" as used herein
refers to the interaction of assay reagents and assay con-
ditions (heat, pressure, pH, etc.) with the substrate ma-
terial (hydrophobic, hydrophilic, inert, etc.). For example,

the layer or layers, such as a film defining the sample
chambers can be formed predominantly from a material
that has high heat conductivity, such as silicon, a heat-
conducting metal, or carbon fill in plastic. The silicon sur-
faces that contact the sample can be coated with an ox-
idation layer or other suitable coating, to render the sur-
face more inert and make it an assay-compatible mate-
rial. Similarly, where a heat-conducting metal is used in
the substrate, the metal can be coated with an assay-
compatible material, such as a plastic polymer, to prevent
corrosion of the metal and to separate the metal surface
from contact with the sample. The suitability of a partic-
ular surface should be verified for the selected assay as
known by the conditions and reagents used in the assay.
[0021] In various examples, for optical detection, the
opacity or transparency of the substrate material defining
the sample chambers, for example, the base, can have
an effect on the permissible detector geometries used
for signal detection. For the following discussion, refer-
ences to the "upper wall" of a detection chamber may
refer to the chamber surface or wall through which the
optical signal is detected, and references to the "lower
wall" of a chamber may refer to the chamber surface or
wall that is opposite the upper wall. For example, the
upper wall can be formed by the base or the film, and the
lower wall by the other, respectively.
[0022] In various examples, in fluorescence detection
the substrate material defining the lower wall of the sam-
ple chambers can be optically opaque, and the sample
chambers can be illuminated and optically scanned
through the same surface (i.e., the top surfaces of the
chambers which are optically transparent). Thus, for flu-
orescence detection, the opaque lower wall material can
exhibit low reflectance properties so that reflection of the
illuminating light back toward the detector can be mini-
mized. Opacity also may prevent collection of back-
ground signals from a thermal cycler block or other in-
strumentation used to test the substrates. In other cases,
the substrate lower wall of the sample chambers may be
reflective so that more fluorescent signal is collected.
[0023] In various examples, in fluorescence detection
the substrate material defining the upper wall of the sam-
ple chambers can be optically clear, the chambers can
be illuminated with excitation light through the sides of
the chambers (in the plane defined collectively by the
sample chambers in the substrate), or more typically, di-
agonally from above (e.g., at a 45 degree angle), and
emitted light is collected from above the chambers (i.e.,
through the upper walls, in a direction perpendicular to
the plane defined by the detection chambers). The upper
wall material can exhibit low dispersion of the illuminating
light in order to limit Rayleigh scattering.
[0024] In various examples, in fluorescence detection
the substrate material defining the entirety of the sub-
strate can be optically clear, or at least the upper and
lower walls of the chambers can be optically clear, the
chambers can be illuminated through either wall (upper
or lower), and the emitted or transmitted light is measured
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through either wall as appropriate. Illumination of the
chambers from other directions can also be possible as
already discussed above.
[0025] In various examples, in chemiluminescence de-
tection, where light of a distinctive wavelength is typically
generated without illumination of the sample by an out-
side light source, the absorptive and reflective properties
of the substrate can be less important, provided that the
substrate provides at least one optically transparent win-
dow for detecting the signal.
[0026] In various examples, the substrate can be de-
signed to provide a vacuum-tight environment within the
sample-distribution network for sample loading, and also
to provide sample chambers having carefully defined re-
action volumes. It is desirable to ensure that the network
and associate sample chambers do not leak. According-
ly, lamination of substrate layers to one another can be
accomplished so as to ensure that all chambers and
channels are well sealed.
[0027] In various examples, the substrate layers can
be sealably bonded in a number of ways. A suitable bond-
ing substance, such as a glue or epoxy-type resin, can
be applied to one or both opposing surfaces that will be
bonded together. The bonding substance may be applied
to the entirety of either surface, so that the bonding sub-
stance (after curing) can come into contact with the sam-
ple chambers and the distribution network. In this case,
the bonding substance is selected to be compatible with
the sample and detection reagents used in the assay.
Alternatively, the bonding substance can be applied
around the distribution network and detection chambers
so that contact with the sample can be minimal or avoided
entirely. The bonding substance may also be provided
as part of an adhesive-backed tape or membrane, which
is then brought into contact with the opposing surface.
In yet another approach, the sealable bonding is accom-
plished using an adhesive gasket layer, which is placed
between the two substrate layers. In any of these ap-
proaches, bonding may be accomplished by any suitable
method, including pressure-sealing, ultrasonic welding,
and heat curing, for example.
[0028] In various examples, a pressure-sensitive ad-
hesive (PSA) can be used in constructing the substrate.
PSA films which can be applied to a surface and adhered
to that surface are obtained by applying pressure to the
film. Normally, pressure is applied throughout the whole
film, so that the whole film can adhere to the surface.
PSA films can have threshold pressure in order to acti-
vate the adhesion. The threshold pressure can be very
low. By applying pressure to some selected regions, the
bonding can be limited to those regions only, thus allow-
ing obtaining a bonding pattern. This way channels and
chambers can be defined. The elastic properties of the
film can then be used to pressure-drive a fluid through
the unbonded regions, since the film would deform under
the liquid pressure, thus opening up a channel. Eventu-
ally, the channel could be sealed by applying pressure
on the portion of the film defining the channel. PSA films

can be either hydrophobic or hydrophilic. PSA films can
have hydrophobic and hydrophilic areas on the same film
to provide areas of different wetting characteristics, prop-
erly patterned, to provide, for example fluid flow in sample
introduction channels and gas venting in venting chan-
nels. Thus, by providing differing regions of hydropho-
bicity and hydrophilicity of the films, control over fluid flow
through a device may be achieved. In various examples,
PSA films that are hydrophilic can have the hydrophilic
properties deteriorate in a matter of days. The lack of
stability (hydrophilic film turning into hydrophobic) can
provide controllable, irreversible or reversible, changes
(upon temperature change, heat addition, UV exposure,
or just time delay after curing) in the wetting nature of the
film. In various examples, PSA films can have different
porosities and permeabilities to a gas. A highly permea-
ble PSA film can be more advantageous than a low-per-
meability one for instance to vent the sample chambers.
Further, a PSA film whose permeability/porosity can be
modified in a reversible fashion with temperature change,
and/or in an irreversible fashion by heat addition or UV
exposure can be used for sample distribution and then
sealed for sample processing. In various examples, PSA
films can be hydrophilic, provide solvent resistance,
maintain the adhesion characteristics at a high temper-
ature (95-100 degree Celsius), and can be optically clear
with low auto-fluorescence. In various examples, PSA
films can be thermally expandable to swell at desired
locations and close off channels.
[0029] In various examples, the substrate of the
present teaching can be adapted to allow rapid heating
and cooling of the sample chambers to facilitate reaction
of the sample with the analyte-detection reagents, includ-
ing luminescent dyes. In one example, the substrate can
be heated or cooled using an external temperature-con-
troller. The temperature-controller is adapted to heat/cool
one or more surfaces of the substrate, or can be adapted
to selectively heat the sample chambers themselves. To
facilitate heating or cooling with this embodiment, the
substrate can be formed of a material that has high ther-
mal conductivity, such as copper, aluminum, or silicon.
Alternatively, bases can be formed from a material having
moderate or low thermal conductivity, while the film can
be formed form a conductive material such that the tem-
perature of the sample chambers can be conveniently
controlled by heating or cooling the substrate through the
film, regardless of the thermal conductivity of the base.
For example, the film can be formed of an adhesive cop-
per-backed tape.
[0030] In various examples, the sample chambers of
the substrate can be pre-loaded with detection reagents
that are specific for the selected analytes of interest. By
way of example, such reagents may be deposited in the
sample chambers in liquid form and dried (e.g., lyophi-
lized). For example, reagents for nucleic acid analysis of
a biological sample may be preloaded in the substrate,
for example, in the sample chambers. In such examples,
the substrate may then be loaded with sample when bi-
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ological testing is desired to be performed by supplying
sample to the substrate containing the pre-loaded rea-
gent(s). The detection reagents can be designed to pro-
duce an optically detectable signal via any of the optical
methods known in the field of detection. It will be appre-
ciated that although the reagents, in each detection
chamber can contain substances specific for the ana-
lyte(s) to be detected in the particular chamber, other
reagents, for production of the optical signal for detection
can be added to the sample prior to loading, or may be
placed at locations elsewhere in the network for mixing
with the sample. Examples of such reactions are de-
scribed in U.S. Pub. No. 2005/0260640A1. Whether par-
ticular assay components are included in the detection
chambers or elsewhere will depend on the nature of the
particular assay, and on whether a given component is
stable to drying. Pre-loaded reagents added in the de-
tection chambers during manufacture of the substrate
can enhance assay uniformity and minimize the assay
steps conducted by the end-user.
[0031] In various examples, the analyte to be detected
may be any substance whose presence, absence, or
amount is desirable to be determined. The detection
means can include any reagent or combination of rea-
gents suitable to detect or measure the analyte(s) of in-
terest. It will be appreciated that more than one analyte
can be tested for in a single detection chamber, if desired.
[0032] In one examples, the analytes are selected-se-
quence polynucleotides, such as DNA or cDNA, RNA,
and the analyte-specific reagents include sequence-se-
lective reagents for detecting the polynucleotides. The
sequence-selective reagents include at least one binding
polymer that is effective to selectively bind to a target
polynucleotide having a defined sequence. The binding
polymer can be a conventional polynucleotide, such as
DNA or RNA, or any suitable analog thereof, which has
the requisite sequence selectivity. Other examples of
binding polymers known generally as peptide nucleic ac-
ids may also be used. The binding polymers can be de-
signed for sequence specific binding to a single-stranded
target molecule through Watson-Crick base pairing, or
sequence-specific binding to a double-stranded target
polynucleotide through Hoogstein binding sites in the ma-
jor groove of duplex nucleic acid. A variety of other suit-
able polynucleotide analogs are also known in the art of
nucleic acid amplification. The binding polymers for de-
tecting polynucleotides are typically 10-30 nucleotides in
length, with the exact length depending on the require-
ments of the assay, although longer or shorter lengths
are also contemplated.
[0033] The present teachings can find utility in a wide
variety of amplification methods, such as PCR, Reverse
Transcription PCR (RT-PCR), Ligation Chain Reaction
(LCR), Nucleic Acid Sequence Based Amplification
(NASBA), self-sustained sequence replication (3SR),
strand displacement activation (SDA), Q (3replicase)
system, isothermal amplification methods, and other
known amplification method or combinations thereof. Ad-

ditionally, the present teachings can find utility for use in
a wide variety of analytical techniques, such as ELISA;
DNA and RNA hybridizations; antibody titer determina-
tions; gene expression; recombinant DNA techniques;
hormone and receptor binding analysis; and other known
analytical techniques.
[0034] In one example, the analyte-specific reagents
include an oligonucleotide primer pair suitable for ampli-
fying, by polymerase chain reaction, a target polynucle-
otide region of the selected analyte that is flanked by 3’-
sequences complementary to the primer pair. In practic-
ing this example, the primer pair is reacted with the target
polynucleotide under hybridization conditions which fa-
vor annealing of the primers to complementary regions
of opposite strands in the target. The reaction mixture is
then thermal cycled through several, and typically about
20-40, rounds of primer extension, denaturation, and
primer/target sequence annealing, according to well-
known polymerase chain reaction (PCR) methods. Typ-
ically, both primers for each primer pair are pre-loaded
in each of the respective sample chambers. The primer
also may be loaded along with the standard nucleotide
triphosphates, or analogs thereof, for primer extension
(e.g., ATP, CTP, GTP, and TTP), and any other appro-
priate reagents, such as MgCl2 or MnCl2. A thermally
stable DNA polymerase, such as Taq, Vent, or the like,
may also be pre-loaded in the chambers, or may be mixed
with the sample prior to sample loading. Other reagents
may be included in the detection chambers or elsewhere
as appropriate. Alternatively, the detection chambers
may be loaded with one primer from each primer pair,
and the other primer (e.g., a primer common to all of
sample chambers) can be provided in the sample or else-
where. If the target polynucleotides are single-stranded,
such as single-stranded DNA, cDNA, or RNA, the sample
is preferably pre-treated with a DNA- or RNA-polymerase
prior to sample loading, to form double-stranded polynu-
cleotides for subsequent amplification. Also, a reverse
transcription enzyme may be used to pretreat RNA to
cDNA. This pre-treatment can be provided in the car-
tridge.
[0035] In various examples, the presence and/or
amount of target polynucleotide in a sample chamber,
as indicated by successful amplification, is detected by
any suitable means. For example, amplified sequences
can be detected in double-stranded form by including an
intercalating or crosslinking dye, such as ethidium bro-
mide, acridine orange, or an oxazole derivative, such as,
Cyber Green, for example, which exhibits a fluorescence
increase or decrease upon binding to double-stranded
nucleic acids. The level of amplification can also be
measured by fluorescence detection using a fluorescent-
ly labeled oligonucleotide. In this examples, the detection
reagents include a sequence-selective primer pair as in
the more general PCR method above, and in addition, a
sequence-selective oligonucleotide (FQ-oligo) contain-
ing a fluorescer-quencher pair. The primers in the primer
pair are complementary to 3’ regions in opposing strands
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of the target analyte segment which flank the region
which is to be amplified. The FQ-oligo is selected to be
capable of hybridizing selectively to the analyte segment
in a region downstream of one of the primers and is lo-
cated within the region to be amplified. The fluorescer-
quencher pair can include a fluorescent dye and a
quencher which are spaced from each other on the oli-
gonucleotide so that the quencher is able to significantly
quench light emitted by the fluorescer S at a selected
wavelength, while the quencher and fluorescer are both
bound to the oligonucleotide. The FQ-oligo can include
a 3’-phosphate or other blocking group to prevent termi-
nal extension of the 3’ end of the oligo. The fluorescer
and quencher dyes may be selected from any dye com-
bination having the proper overlap of emission (for the
fluorescer) and absorptive (for the quencher) wave-
lengths while also permitting enzymatic cleavage of the
FQ-oligo by the polymerase when the oligo is hybridized
to the target. Suitable dyes, such as rhodamine and
fluorscein derivatives, and methods of attaching them,
are well known in the art of nucleic acid amplification.
[0036] In another example, the detection reagents in-
clude first and second oligonucleotides effective to bind
selectively to adjacent, contiguous regions of a target
sequence in the selected analyte, and which can be ligat-
ed covalently by a ligase enzyme or by chemical means
as known in the art of oligonucleotide ligation assay,
(OLA). In this approach, the two oligonucleotides (oligos)
can be reacted with the target polynucleotide under con-
ditions effective to ensure specific hybridization of the
oligonucleotides to their target sequences. When the ol-
igonucleotides have base-paired with their target se-
quences, such that confronting end subunits in the oligos
are : base-paired with immediately contiguous bases in
the target, the two oligos can be joined by ligation, e.g..,
by treatment with ligase. After the ligation step, the de-
tection wells are heated to dissociate unligated probes,
and the presence of a ligated, target-bound probe is de-
tected by reaction with an intercalating dye or by other
means. The oligos for OLA may also be designed so as
to bring together a fluorescer-quencher pair, as dis-
cussed above, leading to a decrease in a fluorescence
signal when the analyte sequence is present. In the
above OLA ligation method, the concentration of a target
region from an analyte polynucleotide can be increased,
if necessary, by amplification with repeated hybridization
and ligation steps. Simple additive amplification can be
achieved using the analyte polynucleotide as a target
and repeating denaturation, annealing, and ligation steps
until a desired concentration of the ligated product is
achieved.
[0037] In another example, the ligated product formed
by hybridization and ligation can be amplified by ligase
chain reaction (LCR). In this approach, two sets of se-
quence-specific oligos are employed for each target re-
gion of a double-stranded nucleic acid. One probe set
includes first and second oligonucleotides designed for
sequence-specific binding to adjacent, contiguous re-

gions of a target sequence in a first strand in the target.
The second pair of oligonucleotides is effective to bind
(hybridize) to adjacent, contiguous regions of the target
sequence on the opposite strand in the target. With con-
tinued cycles of denaturation, reannealing and ligation in
the presence of the two complementary oligo sets, the
target sequence is amplified exponentially, allowing
small amounts of target to be detected and/or amplified.
[0038] In various examples, it will be appreciated that
since the selected analytes in the sample can be tested
for under substantially uniform temperature and pressure
conditions within the substrate, the detection reagents in
the various sample chambers should have substantially
the same reaction kinetics. This can be accomplished
using oligonucleotides and primers having similar or
identical melting curves, which can be determined by em-
pirical or experimental methods as are known in the art.
In another example, the analyte is an antigen, and the
analyte-specific reagents in each detection chamber in-
clude an antibody specific for a selected analyte-antigen.
Detection may be by fluorescence detection, agglutina-
tion, or other homogeneous assay format. As used here-
in, "antibody" is intended to refer to a monoclonal or pol-
yclonal antibody, an Fc portion of an antibody, or any
other kind of binding partner having an equivalent func-
tion. For fluorescence detection, the antibody may be
labeled with a fluorescent compound such that specific
binding of the antibody to the analyte is effective to pro-
duce a detectable increase or decrease in the com-
pound’s fluorescence, to produce a detectable signal
(non-competitive format). In an alternative embodiment
(competitive format), the detection means includes (i) an
unlabeled, analyte-specific antibody, and (ii) a fluoresc-
er-labeled ligand which is effective to compete with the
analyte for specifically binding to the antibody. Binding
of the ligand to the antibody is effective to increase or
decrease the fluorescence signal of the attached fluore-
phore. Accordingly, the measured signal can depend on
the amount of ligand that is displaced by analyte from
the sample. In a related example, when the analyte is an
antibody, the analyte-specific detection reagents include
an antigen for reacting with a selected analyte antibody
which may be present in the sample. The reagents can
be adapted for a competitive or non-competitive type for-
mat, analogous to the formats discussed above. Alter-
natively, the analyte-specific reagents can include a mo-
no- or polyvalent antigen having one or more copies of
an epitope which is specifically bound by the antibody-
analyte, to promote an agglutination reaction which pro-
vides the detection signal.
[0039] In various examples, the selected analytes can
be enzymes, and the detection reagents include enzyme
substrate molecules which are designed to react with
specific analyte enzymes in the sample, based on the
substrate specificities of the enzymes. Accordingly, de-
tection chambers in the device may each contain a dif-
ferent substrate or substrate combination, for which the
analyte enzyme(s) may be specific. This example is use-
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ful for detecting or measuring one or more enzymes
which may be present in the sample, or for probing the
substrate specificity of a selected enzyme. Examples of
detection reagents include chromogenic substrates such
as NAD/NADH, FAD/FADH, and various other reducing
dyes, for example, useful for assaying hydrogenases,
oxidases, and enzymes that generate products which
can be assayed by hydrogenases and oxidases. For es-
terase or hydrolase (e.g., glycosidase) detection, chro-
mogenic moieties such as nitrophenol may be used, for
example.
[0040] In various examples, the analytes are drug can-
didates, and the detection reagents include a suitable
drug target or an equivalent thereof, to test for binding of
the drug candidate to the target. It will be appreciated
that this concept can be generalized to encompass
screening for substances that interact with or bind to one
or more selected target substances. For example, the
assay device can be used to test for agonists or antag-
onists of a selected receptor protein, such as the acetyl-
choline receptor. In a further embodiment, the assay de-
vice can be used to screen for substrates, activators, or
inhibitors of one or more selected enzymes. The assay
may also be adapted to measure dose-response curves
for analytes binding to selected targets. The assays also
may be immunoassays.
[0041] Reference will now be made to various exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and
the description to refer to the same or like parts.
[0042] In various examples, as illustrated in Fig. 1, the
substrate 10 has an array of features providing parallel
processing of several samples. The substrate can have
dimensions, for example, 127.0 millimeters by 85.7 mil-
limeters providing 384 sample chambers. Fig. 2A illus-
trates a portion of substrate 10 showing the features. The
top view is through the film 20 shown in ghost lines. Fig.
2B illustrates the exploded view showing film 20 with
vents 40 aligning with base 30 and gas-permeable mem-
branes 50. Sample chambers 80 form a regularly spaced
array. Sample introduced in sample ports 60 flows to
main channels 70 and from there to sample introduction
channels 110 into sample chambers 80. Each sample
chamber 80 is connected to venting channel 100 which
joins venting chamber 90 with sample chamber 80. Vent-
ing chamber 90 contains gas-permeable membranes 50
and aligns with vents 40. The membrane typically has a
burst pressure of greater than 6 psi. In various embodi-
ments, the film 20 can be a PSA film with laser or me-
chanically punched vent 40. A membrane layer can be
bound to the PSA film 20 and dye cut portions of the
membrane layer can be removed leaving gas-permeable
membranes 50. The base 30 can be injection molded or
etched. The PSA film 20 with gas-permeable membranes
50 attached can then be aligned with the base 30 and
laminated together. In various examples, the substrate
can be mated with a plate providing a plurality of contacts

to provide uniform pressure across the substrate where
the contacts do not provide substantial thermal transfer
between the substrate and the plate relative to the ther-
mal transfer at the surface of the substrate opposite to
the plate. The plate can have through holes to permit
light to pass from the sample chambers to a detector for
detection. The plate is described in U.S. Pat. Pub. No.
2001/0029794.
[0043] Examples of suitable membranes include gas-
permeable membranes and/or porous membranes. For
example, suitable porous membranes may include Gor-
tex® and other similar materials known in the art of micro-
porous membranes. Suitable gas permeable mem-
branes may include, for example, PDMS membranes.
The membrane materials also can be liquid impermeable
to prevent a sponging effect of the liquid that can reduce
the volume in the sample chamber. Some examples of
suitable porous membrane materials are described in
U.S. Pat. No. 5,589,350 and some examples of suitable
gas-permeable membrane materials are described in
U.S. Pat. Pub. No. 2005/0164373 Titled "Diffusion-Aided
Loading System for Microfluidic Devices".
[0044] In various examples, as illustrated in Figs. 3A-
3B, the sealing plate 120 has a plurality of sealing pro-
trusions 130 such that each protrusion can align with a
sample chamber. The sealing plate 120 can be a thermal
transfer die to isolate each of the sample chambers. The
sealing protrusions can have dimensions of about, for
example, 2.5 millimeters. Fig. 4 illustrates the alignment
with substrate 10. Sealing plate 120 seals sample intro-
duction channels 110 and venting channels 100 as
shown in Fig. 5 by gaps 140.
[0045] FIGS. 3C and 3D show another sealing plate
according to examples of the disclosure. FIG. 3C shows
an isometric perspective view of the sealing plate 320 in
alignment for sealing a substrate 310. FIG. 3D shows a
view of the surface of the sealing plate 320 having the
protrusions 330 thereon. The sealing plate 320 has a
plurality of sealing protrusions 330 in the form of sub-
stantially arc-shaped pins. The sealing protrusions 330
are configured and arranged on the plate 320 such that
when the plate 320 is aligned with the substrate 310, the
protrusions 330 intersect the sample introduction and
outlet (venting) channels 375 and 376 to seal the sample
chambers 380. Rather than encircling the entire sample
chambers 380, the sealing protrusions 330 extend just
enough to contact the area of the substrate 310 around
the sample chambers 380 in the regions of the channels
375 and 376 to perform the sealing function. Because
the protrusions 330 contact relatively small, focused re-
gions of the substrate 310 during sealing, less force on
the sealing plate 320 may be required.
[0046] FIGS. 29 and 30 depict an exemplary embodi-
ment of another instrument that is useful for sealing the
sample chambers 2980 of a substrate 2910 (e.g., staking
the substrate) and is used instead of a sealing plate like
that shown in FIGS. 3A-3B. The sealing instrument em-
bodiment of FIGS. 29 and 30 includes a roller 2920 pro-
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vided with a plurality of sealing protrusions in the form of
circumferential disks 2930 spaced from each other along
the longitudinal axis of the roller 2920. Sealing of the
substrate chambers 2980, for example, in a manner sim-
ilar to that shown in FIG. 5 by the gaps 140, occurs by
rolling the disks 2930 across the substrate 2910 using a
sufficient force. For example, the force may be enough
to force an adhesive (e.g., a PSA) into the inlet and outlet
channels 2975 and 2976 and/or otherwise deform the
channels 2975 and 2976 at the locations that the disks
2930 cross over the channels 2975 and 2976 to prevent
flow communication between the channels 2975, 2976
and the sample chambers 2980.
[0047] The number and positioning (spacing) of the
disks 2930 may be selected such that the roller 2920 may
pass over the substrate 2910 once to isolate all of the
sample chambers 2980, sealing both inlet and outlet
channels 2975 and 2976 simultaneously. The number
and positioning of the disks 2930 may thus depend on a
variety of factors, including but not limited to, for example,
the number of sample chambers, the arrangement of the
sample chambers, and the arrangement of the inlet chan-
nels and outlet channels. According to various exemplary
embodiments, the number of disks may be reduced by
staking the shared main fluid channels 2970 and 2971
between two lines of chambers 2980 in the embodiment
of FIGS. 29 and 30 instead of the inlet channels 2975 of
each of the chambers 2980. In various embodiments, it
may be desirable to provide a main fluid channel (or main
fluid channels) with a zig-zag configuration so that it can
be intersected and sealed (staked) multiple times, for ex-
ample, with one pass of the roller 2920 over the substrate
2910. Further, in the case of shared outlet (e.g., venting)
channels between adjacent rows of chambers, the
number of disks also may be reduced.
[0048] With reference now to FIG. 31, another exem-
plary embodiment of a sealing instrument in the form of
a roller 3120 is depicted. In the embodiment of FIG. 31,
the roller 3120 includes a plurality of sealing protrusions
in the form of circular pins 3130 provided around the outer
circumference of the roller 3120. The pins 3120 may be
aligned over a row of chambers 3180 in a substrate 3110
and seal the chambers 3180 in a manner similar to that
depicted by the gaps 140 in FIG. 5. However, rather than
sealing all of the chambers 3180 of the substrate 3110
at the same time, like the sealing plate of FIGS. 3A and
3B, a few chambers 3180 get sealed as the roller 3120
passes over the substrate 3110. This requires less force
to seal the chambers, since not all of the chambers 3180
are sealed at once. Although each chamber 3180 in a
row of chambers 3180 (e.g., x-direction in FIG. 31) may
be sealed simultaneously, it is also envisioned that the
roller 3120 may be moved such that less than all cham-
bers in a row are sealed at the same time as the roller
3120 passes over the substrate 3110. For example, the
roller 3120 of FIG. 31 may be aligned over a portion of
the substrate 3110 (e.g., shifted in the x direction shown
in FIG. 31) so as to seal only some chambers 3180 in

each row sealed with a pass of the roller 3120. The roller
may then be shifted again over another portion of the
substrate 3110 and passed over the substrate 3.110
again to seal the remaining chambers 3180 in each row.
[0049] It should be understood that the protrusions pro-
vided on the rollers in the embodiments of FIGS. 29-31
may have a variety of different sizes, shapes, and ar-
rangements and those of ordinary skill would understand
how to make rollers with sealing protrusions of other con-
figurations and arrangements to perform desired sealing
of the sample chambers of a substrate. By way of exam-
ple and not limitation, it is envisioned that the sealing
protrusions 3130 of FIG. 31 may be replaced with the
sealing protrusions 330 of FIG. 3C, with the arrangement
of the protrusions 330 on the roller being selected so as
to seal the sample introduction and venting channels
from flow communication with the sample chambers of
a substrate.
[0050] In the exemplary embodiments of FIGS. 3A-3D
and 29-31, the force on the sealing plates 120 and 320
and rollers 2920 and 3120 required to effect sealing of
the substrate 10, 310, and 2910 and 3110 may be rela-
tively low, for example, due to the relatively small contact
area between the roller and the substrate during sealing.
Further, to reduce the force applied to achieve sealing,
plural plates 120 and 320 or rollers 2910 and 3110 may
be used, with less sealing protrusions provided on each
of the plural rollers or plates. In such a case, the posi-
tioning and/or shape of the protrusions on each of the
plural rollers or plates used to perform complete sealing
of all of the chambers of the substrate may be selected
so as to achieve sealing of some portions of the substrate
with a first roller or plate and other portions of the sub-
strate with a second roller or plate, etc. By way of exam-
ple, the sealing protrusions on a first roller or plate may
seal the outlet (e.g., venting channels) leading from the
sample chambers, while the sealing protrusions on a sec-
ond roller or plate may seal the inlet channels leading to
the sample chambers. Those having ordinary skill in the
art would understand a variety of numbers and configu-
rations of rollers and/or plates and sealing protrusions
on those rollers and/or plates to accomplish desired seal-
ing of the substrate with a desired force applied.
[0051] In addition, it should be understood that in the
embodiments of FIGS. 29-31, the rolling of the rollers
2920 and 3120 over the substrates 2910 and 3110 is
intended to refer to relative motion between the rollers
2920 and 3120 and the substrates 2910 and 3310. Thus,
either the rollers 2920 and 3120 can move while the sub-
strates 2910 and 3110 remain stationary, vice versa, or
both the rollers 2920 and 3120 and the substrates 2910
and 3110 may move. In another exemplary aspect, the
rollers 2920 and 3120 may be idle or can drive the motion
of the substrates 2910 and 3110. Likewise, in the em-
bodiments of FIGS. 3A-3D and 4, the movement of the
plates 120 and 320 and the substrates 10 and 310 is
relative.
[0052] It also is envisioned that, in the case of an inte-
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grated instrument where the substrate passes through
various stations, the sealing rollers or plates of the may
be placed in the transfer path of the substrate. For ex-
ample, the sealing rollers or plates may be placed at a
location after the substrate has been filled (e.g., at a filling
station) and before the next station, such as, for example,
a thermocycling block or instrument delivery port.
[0053] The exemplary sealing roller embodiments of
FIGS. 29-31 may be relatively easy to manufacture. They
also may facilitate appropriate alignment of the roller with
the substrate during sealing, as alignment is necessary
only along the longitudinal axis of the roller and not along
the longitudinal axis of the substrate.
[0054] In various examples, sample preparation instru-
ment 150 can take raw biological sample from syringe
170 and prepare the sample for introduction into sub-
strate 10. Preparation of sample can include extraction
of nucleic acids and pre-treatment for detection as de-
scribed above. The instrument 150 docks with several
cartridges 160 that provide preparation. Fig. 7 illustrates
the cartridge 160. -Sample syringe inlet 190 introduces
the raw biological sample into the cartridge. Pre-filled re-
agent reservoirs 180 provide the analyte-specific rea-
gents for the assay to be performed on substrate 10. The
back of cartridge housing 200 is open to permit intercon-
nection of a flex circuit PCB device 210 with instrument
150.
[0055] Various other examples may provide mecha-
nisms for sealing, venting, controlling pressure, sample
preparation, mixing, and/or other features useful in mul-
tiple analyte detection in a substrate in accordance with
teachings of the disclosure and are described in further
detail below.
[0056] As discussed above, once the sample cham-
bers of a substrate have been filled, it may be desirable
to seal filled chambers from flow communication with
each other and the various distribution channels. Such
sealing may be desirable, for example, before various
operations, such as, for example, PCR, may be per-
formed, and to prevent cross-contamination between
wells. It also may be desirable to provide a mechanism
for sealing that is relatively easily performed by a user of
the biological testing device. Further, it may be desirable
to provide a mechanism for sealing the substrate that
does not require the use of sensors, heaters, and/or other
components that may be relatively difficult and costly to
implement.
[0057] Referring to FIGS. 8A-8C, an examples of a
substrate 810 is depicted. It should be understood that
the substrate 810 depicted in FIGS. 8A-8C is schematic
for purposes of simplifying the drawings. Thus, FIG. 8A
shows only three sample chambers 880 having inlet
channels 875 and outlet (venting) channels 876 connect-
ed to main fluid channels 870. The arrows in FIG. 8A
illustrate the direction of flow of sample for filling the sam-
ple chambers 880. It should be understood that the sub-
strate 810 could include an array of sample chambers
880 connected by fluid distribution channels and may

also include venting chambers (not shown in FIG. 8A).
Byway of example, the substrate 810 may include fea-
tures similar to that shown in FIG. 1 or may have other
configurations in accordance with the teachings herein.
[0058] The substrate 810 may include a base 830,
which may have a configuration like the bases described
above. The base 830 may be covered with an adhesive-
backed film 820. In various examples, the adhesive-
backed film 820 may be, for example, a PSA film. With
reference to the cross-section of the substrate 810 shown
in FIG. 8B taken through line 8C-8C in FIG. 8A, prior to
filling the substrate 810 with biological sample, the ad-
hesive-backed film 820 may be loosely applied over the
base 830 such that the channels 875 and 876 and sample
chambers 880 are in flow communication, thereby per-
mitting sample to be injected into the channels 875, 876,
and 870 to fill the sample chambers 880. After the sample
chambers 880 have been filled and it is desired to seal
the chambers 880, pressure may be applied to the film
820 so as to cause the adhesive 822 of the adhesive-
backed film 820 to be forced into the channels 870, 875
and 876 and partially into the chambers 880, as depicted
in FIG. 8C. Forcing the adhesive into the channels 870,
875, and 876 closes the channels 890, thereby prevent-
ing flow communication between the chambers 880 and
between the channels 875, 876, and 870, and chambers
880.
[0059] By way of example, in the case of a consumable
product, the adhesive-backed film 820 may be loosely
applied during manufacturing and a user of the substrate
810 may apply the pressure required for sealing after
loading the substrate with sample. Various mechanisms
may be used to apply pressure, for example, a substan-
tially uniform pressure, over substantially the entire ad-
hesive-backed film. For example, the pressure could be
applied by the user’s hand pressing on the film 820. Other
techniques for applying the pressure include using a mo-
torized stepping plate 825 (as schematically depicted in
FIG. 9A) or a motorized roller 826 (as schematically de-
picted in FIG. 9B). The plate 825 and/or motorized roller
826 may be provided as part of separate instrumentation
or as a separate mechanism to be used with the sub-
strates, and may be used to seal numerous substrates.
Those having ordinary skill in the art would understand
various mechanisms that may be used to apply a suffi-
cient force across the film layer 820.
[0060] In addition or as an alternative to providing pres-
sure to force the adhesive 822 to fill the channels 875,
876, and 870, heat also may be used to facilitate the
filling of the channels with the adhesive 822. However,
it is envisioned that the use of heat is not necessary. The
appropriate thickness of the adhesive layer 822 may be
selected so as to perform adequate channel closing with-
out injecting too much adhesive into the chambers 880.
By way of example, the thickness of the adhesive layer
822 may be such that the entire depths of the channels
are filled with adhesive, leaving no air pockets within the
channels. Also, if sample is displaced during sealing, it
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may be desirable to provide an adhesive thickness that
results in a substantially consistent amount of fluid being
displaced, while also minimizing the amount of wasted
sample due to displacement.
[0061] FIGS. 10A-10C illustrate another example that
uses the adhesive of an adhesive-backed film to seal the
channels from the chambers in a biological testing de-
vice. With reference to FIG. 10A, a protruding portion 850
is provided in a portion of each of the inlet and outlet
channels 875 and 876 that lead to and from the chambers
880. As shown in the cross-sectional view of FIG. 10B,
the adhesive-backed film 820 may be lightly applied prior
to filling the substrate 810 with the sample, such that the
channels 875, 876 and 870 may be in flow communica-
tion with the chambers 880, as described above with ref-
erence to FIG. 8B. Once the substrate 810 has been filled
with fluid (e.g., biological sample) as desired, a pressure
may be applied, for example, substantially uniformly over
substantially the entire surface of the film 820. The pres-
sure may be applied via any mechanism, including those
described above with reference to the embodiments of
FIGS. 8 and 9, and, optionally, heat may be applied. As
a result of the pressure on the film 820, the adhesive 822
of the film 820 will be forced into the channels 875, 876
and 870. However, due to the presence of the protruding
portions 850, the adhesive 822 may come into contact
with the protruding portions 850 to seal the channels 875
and 876 from flow communication with the chamber 880
without filling the entire channels 875 and 876. The ad-
hesive 822 may make substantially uniform contact over
substantially the entire surface of the protruding portion
850, as shown in FIG. 10C. Due to the adhesive 822
making contact with the protruding portion 850 and not
filling the entire channel depth, sealing may be imple-
mented with much of the sample remaining in the chan-
nels 875 and 876 since a relatively small amount of sam-
ple will may be displaced due to the entry of the adhesive
throughout the channels 875 and 876. For example, the
relatively small amount of sample that is displaced may
be so as to slightly deform the film layer 820. Further,
sealing may be relatively easy to accomplish since the
adhesive layer may only need to contact the protruding
portions 850, rather than filling the entire channels 875
and 876.
[0062] The protruding portions 850 may be made of
the same material as the base 830 and may be formed
via injection molding of the base 830. Other materials
and techniques for forming the protruding portions 850
also may be used and would be understood to those hav-
ing ordinary skill in the art. By way of example, and not
limitation, the protruding portions 850 may have a height
equal to about one-half the depth of the channels 875
and 876, and may span across the width of the channels
(e.g., in the left to right direction shown in FIG. 10A).
[0063] In various examples, for example, when using
a motorized roller 826 such as that depicted in FIG. 9B
to apply pressure to the adhesive-backed film 820, the
roller 826 may be oriented such that its longitudinal axis

(e.g., its axle) is nonparallel (for example, perpendicular)
to the channels 875 and 876 in which the protruding por-
tions 850 are placed when performing sealing. With such
a nonparallel orientation to a channel during sealing, the
roller 826 may contact only a relatively small part of the
channels 875 and 876 at a time, thereby displacing a
relatively small amount of fluid (e.g., sample), if at all,
from the channels. In an exemplary embodiment, the roll-
er 826 may be placed at a 45 degree angle to both axes
of the substrate. Placing the roller 826 in a parallel ori-
entation to a channels 875 and 876 during sealing may
cause a relatively large portion of fluid (e.g., sample) in
the channels 875 and 876 to be displaced therefrom and
may potentially increase the pressure to a sufficient
amount so as to break the seal formed between the film
820 and the base 830.
[0064] In various examples, a stationary rotating cam
may be used, for example, instead of the motorized plate
or roller of FIGS. 9A and 9B, to apply a pressure to the
adhesive film layer of a substrate in order to effect sealing
of the sample chambers, for example, of a stationary line
of sample chambers. In conjunction with such a motor-
ized rotating cam, a member that applies pressure to
substantially the entire film layer prior to the sealing by
the cam may be used. By applying pressure to the film
layer, a small amount of sample in the sample chambers
may move into adjacent channels (e.g., sample introduc-
tion (inlet) and venting (outlet) channels). As the rotating
cam comes into contact with the substrate to perform the
sealing function, the pressure on the film layer applied
by the member may be removed at a rate substantially
proportional to the application of the pressure exerted by
the cam and the volume of the channels that will be re-
duced due to the adhesive entering the channels. This
may allow for accommodation of increased pressure in
the sample chambers caused by the sealing operation
and provide a defined sample volume in each sample
chamber, which may make thermocycling more efficient.
[0065] FIGS. 11, 12A, and 12B schematically depict a
side cross-sectional view of another example of an in-
strument useful for sealing fluid sample chambers in a
biological testing device. As shown, the device may in-
clude a substrate 1110 that includes a base 1130 and a
cover 1135 (e.g., a PSA film layer) for the base 1130 that
together define a plurality of channels 1190 in flow com-
munication with a plurality of sample chambers 1180
such that the channels 1190 can deliver sample fluid to
and from the sample chambers 1180. For purposes of
simplification, the schematic depiction in FIGS. 11, 12A,
and 12B show only sample chambers 1180 and introduc-
tion and outlet channels 1190 in flow communication with
those chambers 1180. It should be understood, however,
that the substrate 1110 may include venting chambers,
main fluid channels, sample introduction channels, vent-
ing channels, a fluid inlet port for supplying fluid to the
substrate, etc., in accordance with the teachings herein.
[0066] The biological testing device may further in-
clude a sealing carrier 1120, having a plate-like structure,
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that includes a plurality of staking blades 1122 on a side
of the carrier 1120 facing the substrate 1110. Prior to
filling the substrate 1110, the carrier 1120 may be sep-
arated from the substrate 1110 via a temporary mechan-
ical mechanism, such as, for example, a film hinge, or
may be separate form the substrate 1110 with no con-
nection. The carrier 1120 may be brought into contact
with the substrate 1110 when sealing is desired. In var-
ious embodiments, the carrier 1120 and substrate 1110
may be provided with mating pins and holes or other fas-
tening mechanisms that are configured for insertion in
one direction but prevent separation in the opposite di-
rection. The carrier 1120 may be separated such that the
blades 1122 are above and at a distance from the upper
surface (as shown in FIGS. 11 and 12) of the substrate
1110. In this separated configuration, the channels 1190
are in flow communication with the sample chambers
1180 and a biological sample may be loaded into the
substrate 1110 via a suitable inlet, as depicted by the
arrow in FIG. 12A. It should also be understood that an
inlet for fluid supply may be provided on the upper or
lower surface of the substrate 1110 via a port (not shown)
that is in flow communication with the channel 1190 to-
ward the right hand side of the figures.
[0067] Once the sample chambers 1180 of the sub-
strate 1110 have been filled, as shown in FIG. 12A, a
force may be applied to the carrier 1120 and/or the sub-
strate 1110 so as to move the carrier 1120 toward the
substrate 1110 (e.g., as shown by the arrows in FIG.
12B). The force may be applied via a variety of mecha-
nisms, including but not limited to, for example, a motor-
ized plate, a motorized roller, a clamp, a user’s hand, or
other suitable mechanisms. The force may be sufficient
to bring the carrier 1120 into contact with the substrate
1110 (for example, by breaking or deforming the mechan-
ical mechanism that initially separates the carrier 1120
from the substrate 1110). With the carrier 1120 and sub-
strate 1110 in the contacting position, as shown in FIG.
12B, the staking blades 1122 are driven into the substrate
1110 at a location of the channels 1190 proximate the
chambers 1180. In various examples, each channel 1190
may be aligned with a differing blade 1122. In other em-
bodiments, a single blade 1122 may be aligned with a
plurality of channels 1190, for example, the blades 1122
in FIGS. 11. 12A and 12B may extend into the drawing
sheet to seal differing channels positioned along a direc-
tion into the drawing sheet.
[0068] The blades 1122 may pierce, deform, or other-
wise alter the structure of the substrate 1110 at the loca-
tions so as to prevent flow communication between the
chambers 1180 and between the channels 1190 and the
chambers 1180. By way of example, the blades 1122
may pierce through film layer 1135 and enter the chan-
nels 1190 so as to block flow between the channels 1190
and corresponding chambers 1180. In addition to block-
ing flow communication between the channels 1190 and
the chambers 1180, the carrier 1120 may be configured
to provide a seal (e.g., prevent flow communication) be-

tween the substrate 1110 and the exterior, for example,
through the fill port in the substrate 1110.
[0069] The staking blades 1122 may be positioned rel-
ative to the carrier 1120 such that they are properly
aligned with the channels 1190 as desired to prevent flow
communication between the channels 1190 and the sam-
ple chambers 1180 when the carrier 1120 is placed into
the contacting position with the substrate 1110 via the
applied clamping force. Providing the blades 1122 as part
of the carrier 1120 (e.g., an integral part of the carrier
1120) may facilitate manufacturing and alignment of the
blades 1122, as the appropriate alignment can be as-
sured prior to sealing the substrate 1110 with the carrier
1120. The appropriate alignment of the blades 1122 with
the channels 1190 may ensure reliable sealing of the
substrate 1110 and may permit the use of relatively small
staking blades 1122. Relatively small staking blades in
turn may require less force to drive the blades into the
substrate 1110, for example, as compared to larger stak-
ing blades. The shape, size, and material of the blades
may be selected based on the thickness, material, and
other properties of the cover 1135.
[0070] The carrier 1120 also may include optical aper-
tures 1123, for example, windows, that are in substantial
alignment with the sample chambers 1180 when the car-
rier 1120 is in the sealing position, as depicted in FIG.
12B. The optical apertures 1123 may thus permit optical
detection of the sample chambers 1180 during biological
testing/analysis. Other sealing plates according to em-
bodiments of the teachings herein also may include such
apertures.
[0071] When using the device of FIGS. 11, 12A, and
12B to perform PCR, the substrate 1110 and carrier 1120
may be placed between a clamp and a thermal block of
a PCR instrument. When the instrument applies a clamp-
ing force via the clamp to the carrier 1120, for example,
after the substrate 1110 has been filled with sample as
desired, the carrier 1120 may move toward the substrate
1110. As the carrier 1120 moves toward the substrate,
any mechanical mechanism that separates the carrier
1120 and the substrate 1110 may fail (e.g., break or de-
form) such that the carrier 1120 moves into a contacting
position with the substrate 1110 and the blades 1122 are
driven into the substrate 1110, as depicted in FIG. 12B.
The device may be placed between the clamp and ther-
mal block of the PCR instrument either prior to or after
filling of the substrate 1110 with sample, however, the
clamping force will be applied after filling. It also may be
possible to use a clamping device that applies force to
one or more sections of the substrate and/or carrier 1120
at a time to reduce the force required for the blades 1122
to penetrate and seal the substrate 1110. Further, as
suggested above, retaining clips or other mechanical
connection means may be provided to secure the carrier
to the substrate in addition to the blades 1122 themselves
holding the carrier 1120 and substrate 1110 together.
[0072] In various examples, for example, in the case
of PCR, the sealing of the substrate sample chambers
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may be implemented using the thermal block that is
placed in contact with the substrate to perform thermo-
cycling. Using the thermal block to perform the sealing
function reduces a step in the processing of the substrate,
allowing the step of thermocycling and sealing to be per-
formed at the same time. Further, as will be explained,
using the thermal block to perform the sealing function
may enhance thermal contact and heat transfer between
the thermal block and the sample chambers, which may
thereby reduce thermocycling times.
[0073] FIGS. 32 and 33 show schematic cross-section-
al views of a substrate 3210 including a base 3230 and
film layer 3220. The base 3230 may define a plurality of
features that, together with the film layer 3220 form a
fluid distribution network of fluid distribution channels and
chambers, as discussed herein. In the view of FIGS. 32
and 33, for ease of illustration, a single sample chamber
3280 is illustrated with channels 3275 and 3276 leading
to and from the chamber 3280. The substrate 3210 may
be made of a variety of materials in accordance with the
teachings herein.
[0074] To perform the sealing function, the thermal
block 3250 is provided with a plurality of sealing protru-
sions (e.g., bumps) 3260 (which may be in the form of
an array), only one of which is depicted in FIGS. 32 and
33, that are configured and arranged to align with the
sample chambers 3280. To perform thermal cycling, the
thermal block 3250 is brought into contact with the film
layer 3220 of the substrate 3210 and force is applied to
move the substrate 3210 and thermal block 3250 togeth-
er, for example, via an optical detection mechanism act-
ing on the side of substrate 3210 opposite to the side the
thermal block 3250 is in contact with, as shown in FIG.
33. The protrusions 3260 may be configured such that
the protrusions 3260 deform the film layer 3220 and par-
tially enter the chamber 3280, such that the film layer
3220 contacts the inner periphery of the opening of the
chamber 3280, sealing the chamber 3280 from the chan-
nels 3275 and 3276, as shown in FIG. 33. Thus, the pro-
trusions 3260 on the thermal block 3250 permit direct
isolation of the sample in the sample chambers 3280,
rather than sealing portions of the channels 3275 and
3276.
[0075] The sealing protrusions 3260 of the thermal
block 3250 may have various configurations. In an ex-
ample, the dimensions of the protrusions 3260 should be
such that sufficient contact is made to seal the chambers
3280 from the channels 3275 and 3276. By way of ex-
ample, the sealing protrusions 3260 may have a sub-
stantially circular configuration with a radius that is slight-
ly larger than the radius of the chambers 3280. The top
of the sealing protrusions 3260 may be substantially flat,
as shown by protrusions 3260a and 3260b in FIG. 34, or
may be rounded, as shown by protrusion 3260c in FIG.
34. Likewise, the sides of the sealing protrusions 3260
may be rounded, as shown by protrusions 3260a and
3260c, or substantially flat, as shown by protrusion
3260b. In the case of a sealing protrusion having a flat

top and rounded sides, like 3260a, a rounded protrusion
may be formed with its top cut off so as to be flat. A
rounded configuration may provide a slightly larger align-
ment tolerance with the sample chambers by permitting
a sliding movement to be implemented during positioning
the thermal block in contact with the substrate.
[0076] The sealing protrusions 3260 may be machined
directly on the thermal block 3250 or may be formed on
a metal insert secured to the thermal block 3250.
[0077] Due to the sealing protrusions of a thermal block
entering the sample chambers to perform sealing, as dis-
cussed above, it may be desirable to permit a relatively
small amount of displaced sample contained in the cham-
bers to escape. FIGS. 35 and 36 illustrate examples that
permit the escape of a small amount of displaced sample
from the sample chambers when the sealing protrusions
of a thermal block enter the sample chambers to seal the
chambers.
[0078] Referring first to FIG. 35, a small recess 3261
(e.g., dimple) may be formed in the sealing protrusions
3260 of the thermal block 3250 in order to fill with dis-
placed fluid as a result of reduction of the sample cham-
ber volume during sealing. In various examples, the re-
cess 3261 may form a hole through the sealing protru-
sions 3260 from one side to another to permit a small
amount of fluid displaced from the chamber to escape if
needed so as to avoid the potential for over-pressuriza-
tion of the chamber and potential adhesion failure of the
film layer to the base during thermal cycling. FIG. 35A
depicts another exemplary shape of a sealing protrusion
3260d on a thermal block 3250 for performing sealing
and also permitting displaced sample in a sample cham-
ber to escape. The sealing protrusion 3260d includes
raised perimeter portions 3263 and a recessed center
portion 3264. The raised perimeter portions 3263 may
enter the sample chamber proximate the edge (periph-
ery) of the sample chamber and seal the sample cham-
ber. The recessed center portion 3264 may permit any
displaced sample from the chamber to escape during
sealing.
[0079] FIG. 36 represents another example that may
be used to protect against over-pressurization and/or ad-
hesion failure when the thermal block sealing protrusions
3260 enter the chambers 3280. In FIG. 36, a side escape
channel 3278 that is slightly deeper than the feed chan-
nels 3275 and 3276 may be provided in flow communi-
cation with each sample chamber 3280. A main fluid
channel 3270 that is used to supply sample to the inlet
feed channel 3275 also is depicted in the example of FIG.
36. During filling, a small displaced amount of sample
may escape through the escape channel 3278, and may
also leave a small amount of air at the end of the escape
channel 3278, which may end in a venting chamber 3279
similar to the venting chambers 3290 at the end of the
vent (outlet) channel 3276, as are described herein. By
forming the escape channel 3278 with a greater depth
than the channels 3275 and 3276, when the sealing pro-
trusions of the thermal block enter the chamber to seal
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off the channels 3275 and 3276, for example, as depicted
in FIG. 33, the sealing protrusions 3260 may not fully
seal the channel 3278 due to its greater depth. This may
permit any displaced fluid in the chamber 3280 to pass
into the escape channel 3278 during sealing and ther-
mocycling, which in turn, may reduce the potential for
over-pressurization in the chamber 3280 and adhesion
failure (e.g., leakage) of the film layer 3220.
[0080] Although the examples of FIGS. 32-36 above
described a thermal block having sealing protrusions
(sealing protrusions 3260) that mate with sample cham-
bers to perform sealing, it is envisioned that protrusions
on a thermal block also may be configured and arranged
to achieve a sealing pattern similar to that shown by the
gaps 140 of FIG. 5. In other words, the thermal block and
sealing protrusions thereon may contact and seal the
substrate at locations of the sample introduction and
venting channels in flow communication with each sam-
ple chamber. Those of ordinary skill in the art would un-
derstand how to configure and arrange sealing protru-
sions on a thermal block to accomplish this type of seal-
ing.
[0081] FIGS. 38 and 39A-39C depict yet another ex-
emplary approach for achieving sealing of sample cham-
bers in a substrate for biological testing. Referring to FIG.
38, a schematic representation of a substrate 3910 is
shown, showing only three sample chambers 3980 for
ease of illustration. In accordance with the teachings
herein, the substrate 3910 may comprise a base 3930
and a film layer covering the base to form the sample
distribution network shown. In the example, each sample
chamber 3980 is in flow communication with a main fluid
supply channel 3970 via a sample introduction (inlet)
channel 3975. A venting channel 3976 leads from each
sample chamber 3980 to a venting chamber 3990. A
through hole (not shown) leads through the substrate
3910 from each venting chamber 3990 to a correspond-
ing venting chamber 3992 provided in a main fluid outlet
channel 3972 that connects to the main fluid supply chan-
nel 3970, for example, in a U-shaped bend as shown.
The main fluid outlet channel 3972 terminates in an over-
fill chamber 3995. A dissolvable plug of material 3900 is
positioned in the main fluid channel 3970 just down-
stream of the last introduction channel 3975 and corre-
sponding chamber 3980 and upstream of the venting
chamber 3992 corresponding to that chamber 3980. For
example, the dissolvable plug 3900 may be positioned
before the U-shaped junction of the main fluid supply
channel 3970 and the main fluid outlet channel 3972.
The plug 3900 may be made of a material that can fill the
channel 3970 to block fluid flow temporarily as the ma-
terial dissolves at a controlled rate. By way of example,
the plug 3900 may be made of polyethylene glycol.
[0082] FIGS. 39A-39C illustrate various exemplary
steps to fill and seal the substrate 3910. In FIG. 39A,
sample S (e.g., a biological sample) is introduced to the
substrate 3910. The sample S may be pumped through
the main fluid supply channel 3970, the introduction

channels 3975, and into the sample chambers 3980 via
pressure from a volume of oil (not shown in FIG. 39A),
or other substance that is immiscible with the sample,
that is pumped behind the sample S. As shown in FIG.
39A, the sample S that is introduced is sufficient to fill
the sample chambers 3980, the introduction and venting
channels 3975 and 3976, the venting chambers 3990,
and the main fluid supply channel 3970 from the inlet of
the substrate 3910 (at the right hand side in FIG. 39A)
up to the plug 3900. The plug 3900 prevents the sample
S from advancing past the plug 3900 until the sample S
has a chance to fill the various chambers and channels,
as shown in FIG. 39A.
[0083] Once the substrate 3910 has been filled with
sample S, as depicted in FIG. 39A, the plug 3900 may
begin to dissolve, thus allowing any remaining supply of
sample S to the substrate 3910 and the oil O behind it to
flow in the main fluid supply channel 3970 past the loca-
tion of the plug 3900, as shown in FIG. 39B. The oil O
may continue to be supplied to the substrate 3910 such
that it fills the main fluid supply channel 3970, the main
fluid outlet channel 3972, the venting chambers 3992,
and reaches the overfill chamber 3995, as shown in FIG.
39C. Due to the immiscibility of the oil O and sample S,
once the oil fills the portions of the substrate 3910 de-
scribed above and shown in FIG. 39C, the oil acts to seal
the inlet and outlet of each of the sample chambers 3980,
for example, so that further processing of the sample in
the chambers 3980 may occur. The total volume of sam-
ple S and oil O that are supplied to the substrate 3910
may be selected so as not to fill the overfill chamber 3995
completely. The main outlet channel 3972 may have a
volume that is larger than the main fluid supply channel
3970 since the channel 3972 fills with oil and does not
affect the waste ratio of the sample, assuming the time
required to pump the oil through the main fluid supply
channel 3970 is not too great.
[0084] In an exemplary aspect, the pumping of the
sample into the substrate 3910 may be at a substantially
constant pressure so that the pressure is not excessive
so as to burst the seals during the time between filling
the last well and breaking through the plug 3900. To allow
the sample S to reach the plug 3900, a vent hole (not
shown) that permits gas (e.g., air) to escape the substrate
3910 may be provided. A mechanical sealing mechanism
may be desired at the inlet and outlet of channels 3970
and 3972 to prevent oil from being pumped out due to
potentially expanding sample S, for example, during PCR
and/or thermocycling. It also may be desirable to exert
pressure on the oil to pressurize the fluids to reduce bub-
ble formation. In an exemplary aspect, such force may
be placed on the film layer covering the base.
[0085] According to various embodiments, the oil seal-
ing approach described above may include variations.
By way of example, and not limitation, instead of the dis-
solvable plug 3900, a burst valve or a Timavo valve can
be used. In this case, rather than waiting for the plug to
dissolve, the sample slug can be immediately followed

27 28 



EP 1 885 839 B1

16

5

10

15

20

25

30

35

40

45

50

55

with an oil slug. Also, rather than utilizing the vents de-
scribed above, membranes (porous or gas permeable)
can be used between the venting channel and the main
fluid outlet channel. In yet another example, in place of
the vents described with reference to FIGS. 38 and 39A-
39C, a hydrophobic stop can be used between the vent-
ing channel and the main fluid channel. Further, the con-
figuration of the main channels may be more along the
lines of FIG. 8A, where sample is introduced along one
main channel, and venting occurs along the other main
channel, without the two channels being connected in
the U-shaped junction of the embodiment of FIGS. 38
and 39A-39C. The main venting channel could either ter-
minate in a large overfill chamber or use a valve to a
waste port. The sample can be followed directly with oil
in the main fluid supply channel. After the sample has
been filled, oil can be introduced into the main venting
channel, either at the same time as the oil is introduced
into the main fluid supply channel, or either one can pre-
cede the other. This configuration can be combined with
any of the venting approaches in accordance with the
teachings herein.
[0086] FIGS. 40A-40C depict yet another approach to
seal sample chambers in a substrate. The substrate 4010
shown in the partial views of FIGS. 40A-40C is similar in
design to the substrate 3910 of FIGS. 38 and 39A-39C
with respect to the main fluid supply channel 4070, sam-
ple introduction channels 4075, sample chambers 4080,
and main outlet channel 4072. In the embodiment of
FIGS. 40A-40C, the sample chambers 4080 are in flow
communication with venting chambers 4090 via venting
channels 4076 that are tunneled through the base 4030,
as shown best in FIGS. 40B and 40C. The venting cham-
bers 4090 are in flow communication with the main fluid
outlet channel 4072 via connection channels 4073, as
shown in FIGS. 40A-40C, which may be formed at the
upper surface of the base 4030, rather than through the
base 4030 like channels 4076. For simplicity, FIGS. 40A-
40C show only a partial view of the substrate 4010 de-
picting one sample chamber 4080. It should be under-
stood, however, that an array of such sample chambers
4080 and corresponding introduction and venting chan-
nels and chambers are provided.
[0087] The example of FIGS. 40A-40C includes a plug
(e.g., bead) 4000 of super-absorbent material disposed
in the venting chambers 4090. Such a super-absorbent
material may be configured so as to absorb many times
the bead’s volume in water relatively rapidly and retain
the water under relatively high pressure so that water is
prevented from filtering through the bead and exiting
therefrom. Examples of such super-absorbent materials
that may be used to form the bead 4000 include, but are
not limited to, polymers, such as, for example, cross-
linked polyacrylate.
[0088] Prior to filling the substrate 4010 with sample,
the bead 4000 may be positioned within the venting
chamber 4090 such that it does not occupy the entire
volume of the venting chamber 4090, as depicted in FIG.

40B. After sample S is introduced into the substrate 4010
and fills the chambers 4080, as depicted in FIG. 40C, the
sample S exits through the venting channels 4076 and
into the venting chambers 4090 in contact with the beads
4000, causing the beads 4000 to absorb the sample S
and swell. The swelling of the beads 4000 in turn occu-
pies the venting chambers 4090 and blocks the venting
channels 4076, thereby sealing the chambers 4080 so
that sample therein cannot escape and further process-
ing, such as PCR, may be performed. In various embod-
iments, the sample introduction channels 4075 may be
sealed via a fluid that is immiscible with the sample, such
as, for example, oil, in a manner similar to that described
with reference to FIGS. 38 and 39A-39C. Other sealing
mechanisms in accordance with the present teachings
also may be used to seal the sample introduction chan-
nels 4075 and would be understood by those skilled in
the art based on the present teachings.
[0089] The beads 4000 may be configured so as not
to block the connection channels 4073 when they have
absorbed the sample S, thereby permitting escape of gas
(e.g., air) into the main outlet (vent) channel 4072. In
various examples, it may not be necessary to permit gas
to escape the venting chambers and out of the substrate,
however, since even at elevated temperatures, the su-
per-absorbent beads 4000 may retain water without the
tendency for the water to evaporate. This may be espe-
cially true when the beads are used for a relatively small
fraction of their absorptive capacity.
[0090] In various embodiments, the beads 4000 may
be substantially spherical and have a diameter of about
1 mm prior to absorbing sample. It is envisioned, how-
ever, that other shapes and sizes of the beads 4000 may
be used. In particular, the shape and size of the beads
4000, as well as the configuration of the venting chamber
4090, may be selected such that the beads may swell
and deform to substantially match the surface of the
opening of the venting channel 4076 to the venting cham-
ber 4090. Further, venting chamber 4090 may be small
enough so that the bead 4000 may only expand to a
limited extent to prevent the bead 4000 from absorbing
more than a predetermined amount of sample. In the
example of FIGS. 40A-40C, the venting chamber 4090
may have a substantially egg-shaped configuration,’ nar-
rowing toward the end where the venting channel 4076
enters the chamber 4090.
[0091] The venting channel 4076 may be provided in
the surface of the base 4030, as previously described
herein, rather than having the cylindrical configuration
shown in FIGS. 40A-40C. With such a configuration, it
may be more difficult to ensure that the beads 4000 ex-
pand so as to conform to the relatively square profile
defined by the film layer covering the base. However, it
may be possible for the expansion of the beads 4000 to
cause enough pressure on the film layer 4020 to create
a rounded top surface. Further, the sealing may not need
to be complete if a secondary sealing mechanism also
is employed, such as, for example, the oil sealing de-
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scribed with reference to FIGS. 38 and 39A-39C.
[0092] In yet further examples, the bead 4000 may be
in the form of a superporous hydrogel bead that acts to
absorb sample and permit passage of gas.
[0093] FIGS. 41A and 41B show a substrate 4110 that
includes the use of a porous, hydrophobic pellet 4100
inserted into a venting chamber 4190 for both sealing the
sample chambers 4180 and also permitting venting of
gas from the substrate. Such a pellet 4100 may be rela-
tively easy to manipulate and insert into the individual
venting chambers 4190. Further, placing the pellets 4100
substantially in the same plane as the chambers 4180,
as described below, may be advantageous during ther-
mocycling, for example, to provide more efficient heat
transfer and/or a more effective thermal contact between
a thermal block and the substrate.
[0094] The substrate 4110 may have a configuration
similar to that described in the example of FIGS. 40A-
40C, with the exception that the venting channel 4176 is
not formed through the substrate 4110, though it may be
if desired, but rather on the surface of the substrate 4110.
In the example of FIGS. 41A-41B, the venting chamber
4190 may have a substantially square edge at the side
of the chamber 4190 ’ proximate the venting channel
4176 and a tapered edge at the side proximate the con-
nection channel 4173. A substantially cylindrical porous
hydrophobic pellet 4100 may be inserted into the venting
chamber 4190 into contact with the tapered side first and
then pushed forward against the square side, as depicted
in FIG. 41B. The top surface of the pellet 4100 may sit
slightly above the surface of the base 4130, as shown in
FIG. 41B, and may be pushed down so as to be substan-
tially flush with the surface of the base 4130 when the
film layer 4120 is adhered to the base 4130.
[0095] After filling the substrate 4110 with sample S,
the pellet 4100 may prevent the sample from flowing past
it, as shown in FIG. 41B, but could allow for the passage
of air due to its porous nature. The pellets 4100 for each
venting chamber 4190 may be formed from a coil of ma-
terial, similar to a coil of string, and cut into small pieces
and placed in a consistent orientation so as to be properly
positioned in each venting chamber 4190.
[0096] The sample introduction channels 4175 leading
to the sample chambers 4180 may be sealed via a fluid
that is immiscible with the sample, such as, for example,
oil, in a manner similar to that described with reference
to FIGS. 38 and 39A-39C. Other sealing mechanisms in
accordance with the present teachings also may be used
to seal the sample introduction channels 4175 and would
be understood by those skilled in the art based on the
present teachings.
[0097] According to still further examples, a material
capable of breaking down to a gas, for example, with
elevated temperatures may be used to seal sample
chambers of a substrate. With reference to FIG. 42A, a
partial perspective view of a substrate 4210 is depicted.
The view in FIG. 42A shows a main fluid supply channel
4270 that is in flow communication with two sample in-

troduction channels 4275 that lead to sample chambers
(not shown). A material 4200 that is configured to break
down into a gas at elevated temperatures is placed at
the junction between the main fluid supply channel 4270
and the introduction channels 4275. The material 4200
may be predeposited in the substrate 4210. The material
4200 may be or may be made insoluble in water so it
does not dissolve upon contact with the sample S as the
sample S fills the substrate 4210, as depicted in FIG.
42B. For example, the material may be deposited with
an organic solvent.
[0098] The material 4200 may break down into a gas,
like a blowing agent, at elevated temperatures, for ex-
ample, at temperatures associated with PCR and/or ther-
mocycling. By way of example, the material 4200 may
turn to gas at temperatures of about 90 °C. Thus, as
shown in FIG. 42C, the material 4200 may turn into a
gas, for example, after the substrate 4210 has been heat-
ed in the first step of a PCR process. This creates a bub-
ble B at the junction that prevents the sample S from
migrating from one sample chamber to another, thereby
sealing the sample chambers. Although FIGS. 42A-42C
depict the use of the material 4200 at the junction be-
tween a main fluid supply channel 4270 and introduction
channels 4275, it should be understood that this ap-
proach also may be used to seal the sample chambers
at their outlet (e.g., vent) sides. The interior channel sur-
faces may be relatively hydrophobic in order to prevent
sample from wicking around the bubble B.
[0099] FIGS. 43A-43C depict yet another exemplary
approach for sealing the sample chambers of a substrate
for biological testing in accordance with the present
teachings. Again, for ease of discussion, only one sample
chamber 4380 of the substrate 4310 is depicted in FIGS.
43A-43C. With reference to FIG. 43A, the substrate 4310
includes a small blind chamber 4382 in flow communi-
cation with the sample introduction channel 4375 up-
stream of the sample chamber 4380 between the sample
chamber 4380 and a main fluid supply channel 4370.
Assuming that pressure filling is used to supply sample
to the substrate, the sample S progresses through the
main fluid supply channel 4370, into the introduction
channel 4375 and sample chamber 4380, and into the
venting channel 4376, without substantially filling the
blind chamber 4382, as shown in FIG. 43B. This is due
to the pressure resistance of the relatively small blind
chamber 4382 in comparison to that of the chambers
4380. Thus, the blind chamber 4382 contains trapped air
after the remainder of the substrate has been filled.
[0100] Upon further processing of the sample in the
sample chambers, for example, during thermocycling
and/or PCR, elevating the temperature of the substrate
4310 causes the trapped air in the chamber 4382 to ex-
pand, introducing an air pocket P in the portion of the
introduction channel 4375 slightly upstream and down-
stream of the chamber 4382, as shown in FIG. 43C. The
air pocket P serves to seal the chamber 4380. Skilled
artisans would understand that a blind chamber, similar
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to 4382, also may be provided on an outlet side of the
sample chamber 4280 in conjunction with the venting
channel 4376 to perform sealing.
[0101] Although FIGS. 43A-43C show the blind cham-
ber 4382 being completely filled with trapped air, it should
be understood that a small amount of sample S may enter
the blind chamber 4382 during filling. However, as the
substrate 4310 is heated during biological testing (e.g.,
PCR and/or thermocycling), the trapped air in the cham-
ber 4382 will expands, forcing out any sample in the
chamber 4382.
[0102] The example of FIGS. 2A and 2B provides an
exemplary configuration for achieving venting of gas via
membranes from a substrate of a biological testing de-
vice, while substantially preventing leakage of the sample
and/or other fluids that fill the substrate. Various addi-
tional examples for achieving venting in accordance with
the disclosure are described below.
[0103] With reference to FIG. 13, a partial perspective
isometric view of an example of a substrate 1310 includ-
ing an array of features providing parallel processing of
several samples for carrying out biological testing is il-
lustrated. The substrate 1310 includes a base 1330 and
a film layer 1320. Sample chambers 1380 may form a
regularly spaced array, as depicted, for example, in FIG.
1. Sample introduced to the substrate (e.g., via sample
ports like sample ports 60 in the embodiment of FIG. 1
and not shown in FIG. 13) flows to main channel 1370
and from there to sample introduction channels 1375 into
sample chambers 1380. Each sample chamber 1380 is
connected to a venting channel 1300 which joins a vent-
ing chamber 1390 with the sample chamber 1380.
[0104] The base 1330 and film layer 1320 may be
made from any of the materials described herein for the
bases and film layers, respectively. By way of example,
the film layer 1320 may be a COP film or a PSA film and
may be thermally bonded to the base 1330, which may
be manufactured from a plastic material, for example,
such as COP. As described above with reference to
FIGS. 2A and 2B, the film layer 1320 may be provided
with a plurality of vent holes 1340 configured to be aligned
with the venting chambers 1390 when the film layer 1320
is attached to the base 1330. Rather than providing a
die-cut membrane in each of the venting chambers 1390
like in FIGS. 2A and 2B, however, in the example of FIG.
13, a venting membrane strip 1350 is provided on a side
of the film layer 1320 that faces away from the base 1330
(e.g., on the top surface of the film layer 1320). Providing
such a strip configuration may facilitate manufacturing of
the device, for example, by permitting a single strip to
serve as the vent membrane for a plurality of chambers
1390 and/or permitting relatively simple manufacturing
of the strip 1350 and manipulation of the strip 1350 into
position due to its relatively large size. The strip 1350
may be attached to the film layer 1320 via adhesive and
may be aligned with a row of venting chambers 1390, as
depicted in FIG. 13. Thus, a plurality of membrane strips
1350 may be positioned on the top surface of the film

layer 1320 so as to align with a plurality of rows of venting
chambers 1390 of the substrate 1310.
[0105] As shown in FIG. 13, the adhesive used to bond
the membrane strip 1350 to the film layer 1320 may also
be in the form of a strip 1325, for example, a PSA strip,
provided on a bottom side of the membrane strip 1350
and having a length and width substantially similar to the
membrane strip 1350. Vent holes 1326 may be provided
through the adhesive strip 1325 and in alignment with
the vent holes 1340 of the film layer 1320 and the venting
chambers 1390. The vent holes 1326 and the vent holes
1340 may be formed via a laser, mechanically punching,
or other suitable technique for forming vent holes. If PSA
strips 1325 are used to bond the membrane strips 1350
to the film layer 1320, the film layer may be, for example,
a COP film layer thermally bonded to the base 1330.
[0106] The membrane strips 1350 may be gas-perme-
able or porous and also liquid impermeable so as to pre-
vent leakages of the sample fluid from the substrate 1310.
The membrane strips may be made of materials such as
those described above for the membranes 40 of FIGS.
2A and 2B.
[0107] In various examples (not shown in the figures),
instead of providing adhesive strips 1325 to bond the
membrane strips 1350 to the film layer 1320, the film
layer 1320 may be a double-sided adhesive PSA layer
such that adhesive on one side of the layer 1320 is used
to bond the film 1320 to the base 1330 and adhesive on
the opposite side is used to bond the membrane strips
1350 to the film layer 1320. In such an example the vent
holes 1340 would be formed through the entire film layer
1320 including both adhesive sides of the layer 1320.
[0108] When when using multi-chamber devices for
parallel processing of plural fluid samples, it may be de-
sirable to cycle the device through various temperatures.
For example, it may be desirable to perform PCR, which
requires thermal cycling of the device over a range of
temperatures, for example from about 60 °C to about 95
°C. In such cases, relatively precise temperature control
in the individual sample chambers of a substrate, as well
as temperature uniformity over the entire substrate area
may be desired. Further, as discussed above, the ability
to isolate the individual chambers after filling the cham-
bers (e.g., to prevent flow communication between the
chambers and between the chambers and channels that
lead to and from each chamber, such as fluid introduction
and venting channels), may be desired in order to prevent
cross-contamination during a biological testing process
such as PCR.
[0109] In order to perform thermal cycling, a thermal
block may be placed in contact with the multi-chambered
substrate. Typically, the thermal block is placed in contact
with the film layer of the substrate that, together with the
cavities formed in the base of the substrate form the fluid
distribution network made up of, for example, main fluid
channels, a plurality of sample chambers (e.g., in an ar-
ray) in flow communication with the main fluid channel
by a plurality of sample introduction channels, and a plu-
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rality of venting chambers in flow communication with the
plurality of sample chambers via a plurality of venting
channels. In other words, the thermal block may be po-
sitioned in contact with the substrate on the side of the
base of the substrate that defines the various channel
and chamber openings. For example, in the examples of
FIGS. 1, 2, and 13 the thermal block may be positioned
in contact with the film layer 20 and with the membranes
1350 and film layer 1320.
[0110] Placing the thermal block on the same side of
the base of the substrate that the membranes are located,
however, may impair the ability to achieve effective and
uniform thermal conductivity between the thermal block
and the sample chambers. In particular, the presence of
membranes, whether disposed between the film layer
and the base or on the side of the film layer facing away
from the base, may cause an irregular surface (e.g., a
"bumpy" surface). Such an irregular surface may prevent
uniform contact of the thermal block with the substrate,
and in some cases, it may be desirable to remove the
membranes and add a metal lamination layer instead of
the film layer to perform PCR after the substrate has been
loaded with sample.
[0111] Further membranes in the form of strips of ma-
terial may have a potential to leak around the borders of
the strips.
[0112] With reference to FIGS. 14-16, various exam-
ples are schematically illustrated that provide gas-per-
meable or porous membranes for venting a substrate on
a side of the substrate opposite to the side that is placed
in contact with a thermal block for performing thermal
cycling of the sample loaded into the substrate. FIG. 14
is an isometric perspective view of an example of a sub-
strate 1410 for which membrane strips 1450 are posi-
tioned on a side of the substrate 1410 (the side facing
up in FIG. 14) that is opposite to the side (the side facing
down in FIG. 14) of the substrate 1410 that the thermal
block is placed in contact with during thermal cycling.
[0113] In the example of FIG. 14, the substrate 1410
may comprise a base 1430 covered with a film layer 1420
that together define a fluid distribution network. FIG. 14
shows the side of the base 1430 looking through the film
layer 1420. As shown in FIG. 14, the base 1430 and film
layer 1420 may together define a plurality of sample
chambers 1480 that form a regularly spaced array. Sam-
ple may be introduced in sample ports 1460 and may
flow to main fluid supply channels 1470 and from there
to sample introduction channels 1475 into sample cham-
bers 1480. Each sample chamber 1480 may be connect-
ed to a venting channel 1400 that joins a venting chamber
1490 with the sample chamber 1480. A venting through
hole (not shown) may be formed from each venting cham-
ber 1490 and through the base 1430 so as to open at the
side of the base 1430 facing upward in FIG. 14. Elements
1421, 1423 and 1431 are indexing holes provided in each
layer of the substrate 1410 to provide appropriate align-
ment of the substrate 1410 with other instrumentation, if
needed, for example, during filling and/or sample analy-

sis.
[0114] FIG. 28 shows an exemplary venting through
hole 2800 that may be used in conjunction with a venting
chamber 2890 associated with a sample chamber 2880.
The venting through hole 2800 in FIG. 28 may be used
in the base 1430 of FIGS. 14-16. As shown in the example
of FIG. 28, the through hole 2800 may have a conical
shape with a smaller opening leading from the venting
chamber 2890 and a larger opening formed at the un-
derside of the base. By way of example only, the opening
leading from the venting chamber 2890 may be about
100 mm in diameter and the opening at the underside of
the base may be about 500 mm in diameter. The conical
configuration shown in FIG. 28 is exemplary only, and
venting through holes in accordance with the teachings
herein may have a variety of configurations, including,
for example, cylindrical. The shape and size of the vent
through holes may be selected based on various factors,
including, for example, the manufacturing technique
used to form the base, desired venting, and other such
factors.
[0115] With reference again to FIG. 14, the film layer
1420 and the base 1430 may be made of any of the ma-
terials described herein for film layers and bases. The
film layer 1420 may be a metal or polymer PSA film and
may be bonded to the base 1430 via the adhesive, for
example, by applying pressure and/or heat. Further, the
base 1430 may be etched, stamped, hot-embossed, or
injection molded to form the various chambers and chan-
nels. Using a metal PSA film for film layer 1420 may be
desirable to achieve good thermal conductivity.
[0116] As shown in FIG. 14, the substrate 1410 may
further include, on the side of the base 1430 opposite to
the side on which the film layer 1420 is placed, a film
layer 1425 formed with a plurality of vent holes 1426. The
vent holes 1426 may be configured and arranged so as
to be substantially aligned with the vent through holes of
the base 1430 described above. The film layer 1425 may
be made of any of the materials described herein as use-
ful for forming a film layer. By way of example, the film
layer 1425 may be a PSA film layer and may be config-
ured to be adhesively bonded and aligned with the base
1430. The vent holes 1426 may be formed in the film
layer 1425 via laser or via mechanical punching. In an
alternative example, the film layer 1425 may formed of
a porous hydrophobic material and the vent holes 1426
may be eliminated.
[0117] Gas-permeable or porous membrane strips
1450 may be placed in contact with the film layer 1425
and in alignment with the vent holes 1426. Each mem-
brane strip 1450 may be arranged and configured so as
to cover a row of vent holes 1426. Examples of porous
membranes include Gortex® and other similar materials
known in the art and examples of selectively permeable
membrane materials include, for example, PDMS. The
membrane strips 1450 can be liquid impermeable so as
to prevent leakage of sample from the substrate and to
prevent a sponging effect of the liquid that can reduce
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the volume in the sample chamber. Other suitable porous
membrane materials are described in U.S. Pat. No.
5,589,350 and other suitable gas-permeable membrane
materials are described in U.S. Pat. Pub. No.
2005/0164373 entitled "Diffusion-Aided Loading System
for Microfluidic Devices."
[0118] The film layer 1425 may be a double-sided ad-
hesive film layer, for example, a double-sided PSA pol-
ymer film, and the membrane strips 1450 may be adhered
to the film layer 1425 via the adhesive provided on the
side of the film layer 1425 facing the strips 1450. In al-
ternative examples (not shown) the film layer 1425 may
be a PSA film having only one adhesive layer facing the
base 1430. The membrane strips 1450 may be adhered
to the opposite side of the film layer 1425 via adhesive
strips (e.g., PSA strips) having substantially the same
length and width as the membrane strips 1450. Thus, for
example, the membrane strips 1450 may be adhered to
the film layer 1425 via adhesive strips similar to adhesive
strips 1325 shown and described with reference to the
embodiment of FIG. 13. Like the adhesive strips 1325 of
FIG. 13, adhesive strips used to adhere the membrane
strips 1450 to the film layer 1425 may be provided with
vent holes that align with the vent holes 1426 of the film
layer 1425 and with the vent through holes (not shown)
provided in the base 1430. When using PDMS mem-
brane strips, additional adhesive may not be needed as
PDMS is self-adhering.
[0119] With reference now to FIG. 15, another example
of a substrate having membranes for venting positioned
on a side of the substrate opposite to the side of the
sample chamber and channel openings in the base is
shown. The example of FIG. 15 includes components
and materials similar to those described above with ref-
erence to FIG. 14, with the reference labels of such com-
ponents being the same as those used in FIG. 14. In
addition, in the example of FIG. 15, recesses 1530 are
formed in the base 1430. The recesses 1530 have sub-
stantially the same dimensions as the membrane strips
1550 and are configured to receive the membrane strips
1550 and a film layer attached to the membrane strips
1550 for bonding the membrane strips 1550 to the base
1430. The recesses 1530 may facilitate proper alignment
of the membrane strips 1550 relative to the vent holes
1426 and vent through holes (not shown) of the base
1430 during placement of the strips 1550 on the substrate
1410. Also, providing recesses 1530 having a depth sub-
stantially equal to the thickness of the membrane strips
1550 may permit the membrane strips 1550 to be posi-
tioned flush with the upper surface of the substrate 1410.
As such, a thermal block may be positioned in contact
with the upper surface (e.g., the membrane side of the
substrate 1410) and may make substantially uniform
thermal contact with the upper surface, thereby enhanc-
ing uniform thermal conductivity. It should be understood,
however, that a thermal block also may be positioned in
addition or instead in contact with the bottom surface of
the substrate 1410 (e.g., in contact with the film layer

1420), as described with reference to the embodiment
of FIG. 14.
[0120] As described above with reference to FIG. 14,
the membranes 1550 of FIG. 15 may be bonded to the
surface of a single sided adhesive layer 1425 via adhe-
sive strips (not shown), for example, PSA adhesive strips,
having substantially the same length and width as the
membranes 1550. Again, however, if self-adhering
PDMS strips are used, additional adhesive is not needed.
Regardless of how the membrane strips 1550 are at-
tached within the recesses 1530, the depth of the recess-
es 1530 may be selected so as to accommodate both
the thickness of the membrane strips 1550 and the thick-
ness of an adhesive layer such that membrane strips
1550 are substantially flush with the top surface of the
substrate 1410. In other words, the top surface of the
substrate 1410 and the membrane strips 1550 placed in
position in the recesses should be substantially flat and
uniform.
[0121] Yet another example of a substrate for parallel
processing of biological samples that utilizes a venting
membrane on the backside of the substrate is shown in
FIG. 16. The example of FIG. 16 includes many of the
same components and materials as described above
with reference to FIG. 14, and illustrated components
that are the same as those in the example of FIG. 14 are
indicated by the same reference labels. The example of
FIG. 16 differs from that of FIG. 14, however, in that the
membrane strips 1450 are replaced with a single venting
membrane layer 1650 configured and arranged to cover
substantially the entire top surface of the substrate 1410,
as depicted in FIG. 16.
[0122] Providing a single membrane 1650 may facili-
tate positioning and attaching of the membrane 1650 to
the substrate 1410, may reduce the number of compo-
nents, and thus also may facilitate manufacturing. The
membrane 1650 also may include a plurality of optical
apertures 1655 configured and arranged to be substan-
tially aligned such that the sample chambers 1480
(shown in FIG. 14) can be optically detected during bio-
logical testing. It should be noted that optical detection
of the chambers 1480 can occur through the optical ap-
ertures 1655 by providing a transparent film layer 1425
and transparent base 1430. The optical apertures 1655
may be substantially circular, although apertures also
may have shapes other than circular.
[0123] In a manner similar to that described with ref-
erence to FIG. 15, the base 1430 of FIG. 16 may be
provided with a single large recessed region (not shown
in the view of FIG. 16) configured to receive the film layer
1425 and membrane 1650. This may permit the mem-
brane 1650 to lie flush with the upper surface of the base
1430.
[0124] By providing the venting membranes 1450,
1550, and 1650 on the side of the substrate 1410 oppo-
site to the side that is placed in contact with the thermal
block during thermal cycling, as shown in the examples
of FIGS. 14-16, it may be possible to achieve a more
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uniform and effective thermal conduction between the
thermal block and the substrate 1410. Moreover, isola-
tion of the sample chambers may be facilitated. For ex-
ample, if staking and/or filling channels with adhesive is
used to effect isolation of the sample chambers (e.g.,
blocking flow communication between sample chambers
and between sample chambers and channels), such
techniques may be performed at the side of the substrate
opposite to the side on which the membranes are placed.
Thus, a lower force may be applied to deform and/or
puncture the film layer 1420 than would be required to
deform and/or puncture both a film layer and membranes.
Alternatively, sealing could occur on the same side as
the venting membranes, especially in the example of FIG.
16 if pressure is applied at the apertures 1655. The var-
ious membrane examples of FIGS. 14-16 also may fa-
cilitate sealing of the sample chambers of the substrate
via the thermal block itself, for example, as shown and
described with reference to FIGS. 32-36. The various
membrane embodiments of FIGS. 14-16 also may facil-
itate manufacturing of the device as the membranes are
relatively easily manipulated and installed. Moreover, the
thermal conductivity may be improved by using a metal
film layer 1420 and reducing thickness of that layer, which
may be placed in contact with the thermal block during
thermocycling. In some examples, where it may be de-
sirable to heat the substrate from both sides (e.g., place
a thermal block in contact with the membrane side and
opposite side of the substrate), optical detection may oc-
cur via illumination from the edges of the substrate,
though chambers may be restricted to locations around
the perimeter of the substrate.
[0125] A heated cover used for processing (e.g., a ther-
mal block in a thermocycler), if placed in contact with the
venting side of the substrate in FIGS. 14-16, for example,
may also include holes or porous areas that align with
the vent holes and venting chambers to permit gas to
escape during loading of the substrate while in place in
a thermocycler.
[0126] In some circumstances, it may be desirable to
eliminate venting membranes at each of the venting
chambers. For example, by eliminating the need for such
membranes, manufacturing may be facilitated and less
costly since handling and assembly of the membranes
is not needed. Further, precise alignment of the mem-
branes will not be required and the chances of misalign-
ment of a membrane and potential consequent leakage
of sample may be avoided. Also, isolation (e.g., sealing)
of the sample chambers of the substrate may be facili-
tated and improved due to a reduction in force needed
to deform and/or penetrate substrate layers to achieve
isolation, as removal of the membranes may provide less
layers to deform and/or penetrate. Finally, removal of
such venting membranes may improve thermal conduc-
tivity and thermal uniformity, for example, during PCR
thermal cycling, due to the provision of a substantially
flat surface with which a thermal block may be placed in
contact and/or a decrease in thickness of the layers of

the substrate that a thermal block must act on.
[0127] A multi-chambered substrate may include a plu-
rality of micro-sized vent holes in the film layer that, to-
gether with the base, forms the fluid distribution network
(e.g., sample chambers, main fluid channel, sample in-
troduction channels, venting channels, and venting
chambers) in the substrate. The micro-sized vent holes
may function both as capillary stops to prevent leakage
of sample from a filled substrate and as vents to release
gas from the substrate.
[0128] A partial, isometric, perspective view of a multi-
chambered substrate 1710 that eliminates the need to
provide a membrane over each venting chamber is de-
picted in FIG. 17. The substrate 1710 includes a base
1730 and a film layer 1720 that is adhered to the base
1730. The base 1730 defines a plurality of features and,
with the layer 1720 placed in position over the base, de-
fines a main fluid channel 1770 configured to receive the
sample supplied to the substrate 1710 and distribute the
sample to a plurality of sample introduction channels
1775 that are in flow communication to in turn supply the
sample to a plurality of sample chambers 1780. Each of
the sample chambers 1780 is in flow communication with
a venting chamber 1790 via a venting channel 1700.
[0129] The film layer 1720 is provided with a plurality
of micro-sized vent holes 1742 configured and arranged
to be aligned with the venting chambers 1790 when the
film layer 1720 is in position on the base 1730. By way
of example only, the film layer 1720 may be a PSA film
layer with adhesive on one side used to attach the film
layer 1720 to the base 1730. The film layer 1720 may
be, for example, a PSA polymer film or a PSA metal film.
The vent holes 1742 may be sized so as to allow gas to
escape from the-substrate 1710 while creating a fluidic
stop that prevents the sample within the substrate from
leaking through the holes 1742. For example, capillary
forces may prevent the sample from passing through the
holes 1742 and out of the substrate 1710. The vent holes
1742 may have a dimension (e.g., a diameter) ranging
from about 1 mm to about 10 mm, for example, about 5
mm. In some embodiments, areas surrounding the vent
holes 1742 may be substantially free of adhesive to pre-
vent adhesive from flowing (e.g., cold-flowing) into and
reducing the diameter of the vent holes.
[0130] In some cases, it may also be desirable to pro-
vide venting at the end of the fill channel 1770. Thus, the
example of FIG. 17 also includes a venting chamber 1795
and corresponding vent membrane 1798 provided at the
end of the main fill channel 1770. The membrane 1798
may be contained in the venting chamber 1795 between
the film layer 1720 and the base 1730, for example, sim-
ilar to the membranes 50 discussed with reference to
FIGS. 2A and 2B. The membrane 1798 thus may be sized
and configured to substantially fill the venting channel
1795. The membrane 1798 may be made of any material
described herein as suitable for such porous or gas-per-
meable membranes. A vent hole 1749, which may be
formed in the same manner and may have a similar struc-
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ture as the vent holes 1742, may be provided in the film
layer 1720 in a position aligned with the membrane 1798
and venting chamber 1795. The venting chamber 1795
is relatively large compared to the venting chambers
1790. Although the example of FIG. 17 depicts the use
of the venting chamber 1795, the membrane 1798, and
the vent hole 1749, a substrate like that in FIG. 17 but
that does not include those features is also considered
as within the scope of the disclosure. In such a case,
sufficient venting may be provided solely by the use of
vent holes 1742 corresponding to each venting chamber
1790.
[0131] Various techniques may be used to provide the
micro-sized vent holes 1742 in the film layer 1720. Ac-
cording to various examples, laser micro-machining
(e.g., drilling) may be used to form the holes 1742 in the
film layer 1740. For example, a laser micro-machining
process may be used to drill holes through the film layer
1740 after it has been attached to the base 1730, without
penetrating the base 1730. One exemplary laser micro-
machining process developed by Oxford Lasers, Inc.
(Oxon, United Kingdom) uses an ultraviolet cold laser
process capable of drilling holes having a dimension
(e.g., diameter) ranging from about 5 mm to about 10 mm
in the film layer 1720. This process may form about 10
holes to several hundred holes per second, for example
about 16 holes per second, in the film layer 1720 after
the film layer 1720 has been bonded to the base 1730,
without damage to the base 1730.
[0132] The laser drilling process can be applied to a
variety of materials, including, but not limited to, for ex-
ample, silicon, glass, metal, and/or polyimide. Examples
of holes laser-drilled in various materials using Oxford
Lasers, Inc. instruments are shown in FIGS. 18A-18C.
In particular, FIG. 18A shows a laser-drilled hole of about
5 mm in diameter in steel, FIG. 18B shows 2 square laser-
drilled holes with each side being about 50 mm formed
in silicon, and FIG. 18C shows several holes about 50
mm in diameter formed laser-drilled in Kapton.
[0133] A technique that permits vent holes 1742 to be
formed in the film layer 1720 after the film layer 1720 has
been bonded to the base 1730 eliminates the need to
precisely align the film layer with the base, which may
thereby facilitate manufacturing. In other words, in a film
layer that has pre-formed holes, precise alignment of the
film layer with the base during bonding is needed to en-
sure alignment of the pre-formed holes with the venting
chambers. Moreover, a micro-machining technique for
forming the holes, such as that described above, for ex-
ample, permits the size (e.g., diameter) of the vent holes
to be altered as desired and progressively. This may per-
mit control over the pressure gradient along the fill path
during filling of the substrate.
[0134] Although the example of FIG. 17 depicts a sin-
gle vent hole 1742 corresponding to each venting cham-
ber 1790, it should be understood that one or more vent
holes 1742 may be provided in communication with each
venting chamber 1790. The number of vent holes per

venting chamber may be selected based on a variety of
factors, including size of the vent holes, desired venting
of the gases in the substrate, minimization of leakage of
sample from the substrate, and other factors. Results of
tests performed for substrates having differing number
of vent holes associated with each venting chamber are
provided below.
[0135] Filling tests were performed on substrates de-
fining a 24 sample-chamber array having a configuration
substantially as shown in the partial schematic represen-
tation of the substrate 1910 depicted in FIG. 19. In FIG.
19, the arrangement of the sample chambers 1980, inlet
channels 1975, venting channels 1976, venting cham-
bers 1990, main fluid channel 1970, and sample supply
inlet 1960 are shown. The substrate used for the tests
also included a film layer like the film layer 1720 with vent
holes 1742 aligned with the venting chambers 1990. The
substrates 1910 were made of a COP base covered with
an aluminum PSA film layer that included a 5 mm thick
aluminum layer with a 1.5 mm thick PSA laminate layer.
[0136] In a first test configuration, a single vent hole of
approximately 10 mm in diameter was laser-drilled in the
film layer and aligned with each venting chamber. In a
second test configuration, three vent holes of approxi-
mately 10 mm in diameter were laser-drilled in the film
layer and aligned with each venting chamber. In a third
test configuration, six vent holes of approximately 10 mm
in diameter were laser-drilled in - the film layer and
aligned with each venting chamber. A syringe pump was
used to supply a red dye fluid to each substrate at a pump
speed of 40 ml/minute. Red dye was used to assist in
observing the flow and filling in the substrate.
[0137] For the first test configuration using a single hole
for each venting chamber 1990, no leakage was ob-
served during filling. For the second test configuration
using three holes for each venting chamber 1990, single
droplet leakage was observed for three vent locations.
For the third test configuration using six holes for each
venting chamber 1990, single droplet leakage was ob-
served in two vent locations. Those skilled in the art would
understand that the number and/or size of vent holes
provided for each venting chamber may vary based on
a variety of factors, including, the sample being intro-
duced, the pressure in the substrate, and other factors.
Overall, the size and number of vent holes may be chosen
so as to substantially prevent leakage of sample through
the one or more vent holes and out of the device, while
permitting gas (e.g., air) to escape through the one or
more vent holes.
[0138] Various examples may utilize a hydrophobic,
porous filter, substantially in the form of a fiber-like con-
figuration, in lieu of a venting membranes described ear-
lier, to permit gas (e.g, air) to escape the substrate while
preventing sample leakage therethrough. Although the
examples described below use a hydrophobic, porous
fiber member, it may also be possible to utilize a porous
or gas-permeable membrane material formed into a fiber-
like structure. With reference to FIG. 44, an example of
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a substrate 4410 for biological sample analysis is depict-
ed. The substrate 4410 includes a base 4430 and a film
layer 4420 covering the base 4430. The substrate 4410
defines a sample distribution network including an array
of sample chambers 4480 in flow communication with a
plurality of main fluid supply channels 4470 via sample
introduction branch channels 4475. Each sample cham-
ber 4480 also is in flow communication with a main vent-
ing channel 4472 via branch venting channels 4476. A
hydrophobic, porous fiber 4400 may be placed in the
main venting channel 4472, as shown in FIGS. 44 and
44A. Thus, rather than each sample chamber 4480 ter-
minating in an individual venting chamber, as described
in other examples herein, a group of sample chambers
4480 terminates in a common venting channel 4472. As
shown in the close-up view of FIG. 44A, the film layer
4420 may be provided with vent holes 4425 aligned with
the main venting channel 4472. Each adjacent pair of
chambers 4480 and corresponding venting channels
4476 may be associated with a vent hole 4425, as de-
picted in FIG. 44A. The vent holes 4425 may permit gas
to escape through the fibers 4400 and out of the substrate
4410. The vent holes 4425 may be formed via a variety
of techniques, including the laser process described
above with reference to FIG. 17. In an alternative exam-
ple rather than providing vent holes 4425 in the film layer
4420, vent through holes may be formed from the venting
channel 4472 through the depth of the base 4430, open-
ing to the bottom of the base 4430 shown in FIGS. 44
and 44A.
[0139] The hydrophobic porous fibers 4400 may have
a configuration similar to such fibers used in the filtration
industry to filter impurities from water pumped into the
fiber at pressures higher than the outside of the fiber.
Such fibers permit impurities to flow through the pores
of the fiber wall while water is retained. In various other
exemplary embodiments, the fibers 4400 may be in the
form of a resilient fiber cord that has a porous hydropho-
bic coating. Similarly, in the case of use with a substrate
for biological testing, the filter 4400 can permit gas (e.g.,
air) to pass therethrough while retaining sample. Thus,
with the fibers 4400 in place in the substrate 4110, gas
may be permitted to pass through the main venting chan-
nels 4172 and fibers 4400 and out of the substrate 4410
through vent through holes.
[0140] FIG. 45 shows an exemplary technique for plac-
ing the fibers 4400 in an assembly-line fashion into a
plurality of bases 4430 to form substrates 4410. A fiber
supply roller 4500 may supply a plurality of separate fib-
ers 4400, for example, corresponding to at least the
number of main venting channels 4172 in a substrate.
The fibers 4400 may be secured in position in the main
venting channels 4172 in the first base 4430 and the first
base 4430 may move down a belt or other similar device,
thereby pulling the fibers 4400 with it. As the bases 4430
move to the right shown in FIG. 45, new bases 4430 to
be supplied with fibers 4400 are added to the left end.
After a desired number of bases 4430 have been supplied

with fibers 4400, a film layer may be adhered to the bases
4430 and the parts cut away from each other in the spac-
es between the parts shown.
[0141] FIGS. 46A-46C show an example for securing
hydrophobic porous fibers in place in venting channels
of a base portion of a substrate. For simplicity, the base
4630 depicted in FIGS. 46A-46C shows only two rows
of sample chambers 4680 in flow communication with a
common main fluid supply channel 4670 and differing
main venting channels 4672. FIG. 46A depicts the base
4630 prior to the placement of the fibers 4600 in the chan-
nels 4672. A plurality of weld spots 4650 are deposited
along the length of each of the main venting channels
4672 in positions between where adjacent venting chan-
nels 4676 intersect the main venting channels 4672. By
way of example, the weld spots 4650 may be formed
from a low melting point polymer deposited in the chan-
nels 4672, for example, via an ink-jet type of device. In
another example, the base 4630 may be molded with the
weld spots 4650. Between the weld spots 4650, vent
through holes 4640 may be provided in the base from
the channels 4672 to the bottom of the base 4630 in order
to permit gas to escape the substrate 4610. Alternatively,
such vent through holes may be provided in the film layer
that covers the base 4630, as has been described herein.
[0142] As shown in FIG. 46B, the fibers 4600 may be
placed in the channels 4672, for example via a fiber sup-
ply tool as was described with reference to FIG. 45 above.
A heated pressing instrument 4655 may be used to press
the fibers 4600 into the channels 4672, preferably while
the fibers 4600 are held in tension. At the same time, the
heated instrument 4655 melts the weld spots 4650 to
fuse the weld spots 4650 and fibers 4600 together at the
locations of the weld spots 4650, as shown in FIG. 46C.
This melting process may serve to block the paths be-
tween the sample chambers 4680 and thus may serve
as a sealing mechanism for sealing the chambers 4680.
A series of bases 4630 may be formed in this way using
the assembly line process discussed in FIG. 45, with the
film layers being applied and the substrates being sep-
arated from each other by cutting the fibers as described
above. In other examples, a heated instrument may be
used after the film layer 4620 has been applied in order
to fuse the weld spots 4650 and fibers 4600 together and
at the same time bond the film layer 4620 to the base
4630.
[0143] In yet further various examples, the instead of
the weld spots 4650, a two layer laminated material may
be used.
[0144] FIG. 46D depicts a partial cross-section of the
completed substrate 4610 with the film layer 4620 ad-
hered to the base 4630. The cross-section in FIG. 46D
is taken through a vent through hole 4640. As shown in
FIG. 46D, the main venting channel 4672 may have a
depth that is less than a diameter of the fiber 4600 such
that the film layer 4620 presses down on the top of the
fiber 4600 to hold the fiber against the bottom of the chan-
nel 4672 and seal off the vent through hole 4640 to ensure
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that no sample leaks around the fiber 4600 and escapes
through the through hole 4640. If needed, the substrate
4610 may be held against a flat plate or the like during
filling to prevent the film layer 4620 from bulging rather
than maintaining a tight seal like that shown in FIG. 46D.
[0145] To further improve sealing of the vent through
holes 4640 with the fiber 4600, a circular seal ring 4642
may be provided around the vent through hole opening
in the channel 4672, as shown in FIGS. 47A and 47B.
The ring 4642 may have a raised surface relative to the
bottom surface of the channel 4672 and provide a flat
surface to press against the fiber 4600 rather than, for
example, a rounded surface of the bottom of the channel
4672. Further, because the surface of the seal ring 4642
is slightly raised relative to the bottom of the channel
4672 in the area of the vent through hole 4642, a better
seal may be achieved between the fiber 4600 and the
vent through hole 4642.
[0146] Although FIG. 47B depicts a hollow tubular fiber
structure, it should be understood that porous hydropho-
bic fibers in accordance with the present teachings may
have a variety of cross-sectional shapes, including, but
not limited to, for example, a solid circular cross-section
(e.g., a
[0147] FIGS. 48-50 show another example of a sub-
strate 4810 that includes a porous, hydrophobic fiber
4800 for retaining sample in the substrate while permit-
ting gas to escape. FIGS. 48A and 48B show opposite
sides of the base portion 4830 of the substrate 4810,
while FIG. 48C shows the substrate 4810 including film
layer 4820 as viewed from the same side as in FIG. 48B.
In the example of FIGS. 48A-48C, the base 4830 is trans-
parent and the film layer 4820 may be metallic, such as,
for example, an aluminum PSA film layer. However, it
should be understood that the base 4830 and film layer
4820 may be made of any materials described herein as
suitable for making a base and film layer. To avoid con-
fusion between features of the substrate 4810 on the
near and far sides, FIGS. 48A and 48B are shown as
being opaque.
[0148] With reference to FIG. 48A, the substrate 4810
may comprise a base 4830 that, together with the film
layer 4820, defines a sample distribution network that
includes a plurality of sample chambers 4880 which all
connect to a common main fluid supply channel 4870.
Each chamber 4880 is in flow communication with the
main fluid supply channel 4870 via a sample introduction
channel 4875. Each chamber 4880 also is in flow com-
munication with a venting channel 4876 that leads to a
main venting channel 4872 provided in the side of the
base 4830 facing up in FIG. 48B, i.e., opposite to the side
in which the other features discussed above are provid-
ed. The substrate 4810 further includes a sample inlet
port 4860 in flow communication with the main fluid sup-
ply channel 4870. An initial portion 4865 of the main fluid
supply channel 4870 may have a serpentine configura-
tion so as to permit passive mixing of the sample, for
example, of an eluted sample, prior to introducing the

sample to the introduction channels 4875. A more de-
tailed explanation of using a serpentine channel to
achieve sample mixing is provided below.
[0149] A hydrophobic, porous fiber 4800 may be pro-
vided in the main venting channel 4872 in a manner sim-
ilar to that described above with reference to FIGS. 44-47.
As shown in FIGS. 48C and the close up views of FIGS.
49 and 50, a film layer 4820 may cover the side of the
base 4830 shown in FIG. 48A and a portion of the film
layer 4820 may wrap around the base portion to cover
and seal the channel 4872 and fiber 4800. Flow commu-
nication between the venting channels 4876 and the main
venting channel 4872 may be provided via a vent through
hole 4840 that leads from the end of the venting channels
4876 to the venting channel 4872. In a manner similar to
that described above in FIGS. 47A and 47B, the vent
through holes 4840 may terminate in the main venting
channel 4872 in a raised sealing rim 4842 that presses
against the fiber 4800, as shown in partial cross-sectional
view of FIG. 49.
[0150] Vented air may pass into the porous fiber 4800,
which may be in the form of a hollow tube as shown or
may have other configurations, as described above. The
air may pass down the fiber 4800 and/or exit the fiber
4800 into the channel 4872 that the fiber 4800 lies in. A
single vent hole 4825, shown in FIG. 50, may be provided
in the film layer 4820 and aligned with the main venting
channel 4872, permitting any air leaving the substrate
4810 to pass therethrough. Providing a single vent hole
4825 may limit the potential of sample escaping from the
substrate due, for example, to improper sealing of the
vent passages after filling the substrate 4810. However,
it should be understood that plural vent holes also may
be formed in the film layer 4820 to allow air to escape
therethrough.
[0151] FIGS. 51A and 51B show the opposing sides
of another substrate provided with a porous, hydrophobic
fiber venting member according to the present teachings.
The substrate 5110 of FIGS. 51A and 51B has substan-
tially the same structure as the substrate 4810 described
above, except that the main fluid supply channel 5170 is
provided in the same side of the base 5130 as the main
venting channel 5172. The two channels 5170 and 5172
are depicted in the view of FIG. 51B and are on a side
of the substrate opposite to the chambers 5180, sample
introduction channels 5175 and venting channels 5176.
As with the main venting channel 5172, flow communi-
cation between the introduction channels 5175 and the
main fluid supply channel 5170 may be provided via
through holes (not shown) in the base 5130. The config-
uration of FIGS. 51A and 51B may permit isolation of the
sample chambers 5180 via a sealing (staking) mecha-
nism on the detection side (e.g., the side shown in FIG.
51B) of the substrate 5110. This may allow the sealing
mechanism to be provided on a portion of instrumentation
that is not part of a thermocycler and thus may be made
of materials that do not need to take thermal properties
into consideration.
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[0152] Providing the sample chambers 4880 and 5180
in two rows, as shown in the examples of FIGS. 48-51
may be advantageous in that all of the chambers 4880
and 5180 are positioned at an outer perimeter of the sub-
strate 4810 and 5110. This may avoid edge effects that
may cause interior chambers of a substrate to experience
differing temperatures than temperatures of chambers
at a perimeter of the substrate. Thus, all of the chambers
may have a substantially uniform temperature, for exam-
ple, during thermocycling of the substrate. Even in the
case where one row of chambers is hotter than the other
row of chambers if the temperature difference is uniform
between the two rows, the temperature of the chambers
may be uniform. Further, due to the relatively small size
of the substrates 4810 and 5110, for example, in the con-
figuration shown that includes 16 chambers, a smaller
thermal block may be used with reduced margin on either
side, which may decrease the overall size of the instru-
mentation used for biological testing of the substrates
4810 and 5110.
[0153] Although the exemplary substrates 4810 and
5110 include an array of two rows of chambers 4880 and
5180, the substrates may be formed with any number of
chamber rows. By way of example only, the substrates
may be formed with four rows of chambers, in which case
a main fluid supply channel may be positioned between
a first pair of chamber rows and a second pair of chamber
rows. Two venting channels may then be provided at the
two opposite edges of the substrate in conjunction with
each of the pair of rows of chambers. Any number of rows
may be used, with the porous, hydrophobic filters dis-
posed inward from the edges of the substrate being se-
cured in position by a separate film or series of strips of
film on the underside of the substrate. The substrates
also may include negative template control sections, de-
scribed in more detail with reference to the embodiments
of FIGS. 26 and 27, which may be provided substantially
in the center of the substrate array with corresponding
sample inlet ports.
[0154] The substrates 4810 and 5110 may be assem-
bled in a manner similar to that described above with
reference to FIG. 45, that is, in a continuous fashion by
tensioning the fibers 4800 and 5100 from a roll and mak-
ing plural substrates 4810 and 5110 in an assembly line.
After applying the film layer to the bases, as described
with reference to FIG. 45, the substrates 4410, 4810, and
5110 may be left in a continuous strip-like configuration
(e.g., without separating the individual substrates) and
packaged in a reel 5200, as shown in the exemplary em-
bodiment of FIG. 52. The reel 5200 may have a cutter
mechanism 5250, similar to a tape reel, in order to sep-
arate individual substrates as desired. According to yet
other examples, the substrates may be left connected to
one another and supplied in an automated manner to a
processing instrument, such as, for example, a thermo-
cycler or the like, in a continuous and/or high throughput
manner. This may permit processing of the substrates
without an operator handling each substrate individually,

which could potentially contaminate and/or damage each
substrate. Those having ordinary skill in the art would
understand how to package any of the substrate example
herein in a continuous reel mechanism like that of FIG.
52.
[0155] In yet other examples, a thermocycler may be
configured to accommodate two sample substrates, for
example, substrates 4810 or 5110. A perspective view
of such a thermocycler 5300 is depicted in FIG. 53A and
a partial cross-sectional view is depicted in FIG. 53B.
The substrates could be processed at both ends of the
thermocycler 5300 (e.g., the left and right sides) shown
in FIG. 53A. As shown in FIG. 53B, the thermocycler
5300 may be provided with a heated plate (thermal block)
5350 having a crowned profile and pressure may be ap-
plied to the chamber array by providing pressure on the
outer edges of the substrate 5310 without transmitting
force through the open area (or window) 5305 directly
over the sample chambers of the substrates. A relatively
thin, narrow heated plate 5350 may be used and transmit
sufficient clamping force to the side walls of the sub-
strates rather than through a Peltier device or other com-
ponent.
[0156] As discussed above, control over the pressure
gradient along the fill path during filling of the substrate
may be provided, for example, by controlling the size of
vent holes, such as vent holes 1742 provided in the sub-
strate 1710, as was described in relation to the example
of FIG. 17. Other techniques also may be used, either
alone, in combination with the vent holes or other sub-
strate configurations in accordance with the disclosure,
and/or in combination with each other, to provide control
over the pressure gradient during filling of a substrate via
positive pressure. It may be desirable to control the pres-
sure gradient by creating a higher pressure in the venting
channels so as to reduce the potential for leakage from
the substrate (e.g., through the vent holes in a film layer).
[0157] By way of example, the hydrophobicity of the
venting channels of the substrate may be modified, for
example increased, to control the pressure gradient while
filling the substrate with sample. The hydrophobicity may
be modified, for example, by adding texture and/or in-
creasing roughness (e.g., on a nano-scale level) to the
surface defining the venting channels. Such texturing
and/or increasing roughness may be introduced during
the injection molding process, for example, by texturing
the mold as desired in the area that forms the venting
channels. Other techniques for modifying the hydropho-
bicity of a surface defining the venting channels may in-
clude providing a coating, or chemically treating the sur-
face. By way of example only, Kim et al., "Nanostructured
Surfaces For Dramatic Reduction Of Flow Resistance In
Droplet-Based Microfluidics," IEEE 2002, teaches one
technique for providing nanostructures on a surface to
alter hydrophobicity. It is envisioned that the hydropho-
bicity of all or a portion of the venting channels may be
altered.
[0158] The venting channel configuration (e.g., geom-
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etry) also may be modified in order to control the pressure
gradient during filling of the substrate. For example, the
venting channels may be provided with a region of re-
duced cross-section so as to increase the pressure within
the venting channel and reduce the potential for leakage.
With reference to the examples of FIG. 20A and 20B, a
sample chamber 2080 and corresponding venting chan-
nel 2000 in flow communication with the chamber 2080
is depicted. As shown, the venting channel 2000 may be
provided with a reduced cross-section R, for example,
toward an end of the venting channel 2000 that leads to
the venting chamber 2090. In the example of FIG. 20A,
the reduced cross-section R is achieved by narrowing
the side walls defining the channel 2000. In the example
of FIG. 20B, the reduced cross-section R is achieved by
raising the bottom surface of the channel 2000 at the
location R in comparison to the remainder of the bottom
surface of the channel. In other words, the depth of the
channel 2000 is less at the location than the depth of the
remainder of the channel.
[0159] For example, when filling a multi-chambered
substrate via positive pressure (e.g., via pumping, sy-
ringe, etc.), it is desirable to know when to stop the filling
once the various chambers and channels have been filled
in order to control over-pressurization and/or sample
leakage. An exemplary mechanism for determining when
to stop filling the substrate includes providing optical sen-
sors in association with the sample chambers. The sen-
sors, which in an exemplary embodiment may be an op-
tical sensor including a photodiode and LED, can detect
the presence of the sample by a difference in the index
of refraction and send a signal to stop the filling process
(which may occur either manually or automatically). Due
to potential increased costs and manufacturing complex-
ity associated with such a sensor/feedback mechanism,
it may be desirable to provide a relatively simple substrate
design configured to passively and automatically stop
sample delivery so as to avoid over-pressurization and/or
leakage of the substrate.
[0160] FIGS. 21A-21C schematically depict exemplary
steps of filling a multi-chambered substrate that includes
a venting mechanism, such as, for example, either a vent
membrane or vent hole, as have been described above.
It should be noted that FIGS. 21A-21C are simplified for
the purposes of showing the principles of filling channels
and/or chambers of a substrate and leakage of fluid that
may occur due to over-pressurization. Thus, in the fig-
ures, only a single channel is illustrated with a vent po-
sitioned at a distal end of the channel.
[0161] Referring to FIG. 21A, a volume of sample S is
delivered, for example, via positive pressure, at an end
of the channel 2190 (or chamber) opposite to an end at
which vent membrane 2150 is disposed. The dashed ar-
rows in FIGS. 21A-21C indicate the direction of sample
delivery and movement through the channel 2190, with
the shaded area representing the sample S and the non-
shaded area representing gas (e.g., air). The channel
2190, in an exemplary configuration, may be defined by

a base portion 2130 and a film layer 2120, with the film
layer 2120 comprising a vent hole (not shown) positioned
beneath the membrane 2150 to permit gas to escape
therethrough. In FIG. 21A, as the sample S is forced via
pressure through the channel 2190, gas (e.g., air) resid-
ing in the channel 2190 is compressed and passed out
of the channel 2190 through the vent hole (not shown)
and the gas-permeable membrane 2150, as shown by
the solid arrow proximate the membrane 2150. As the
sample S continues to move downstream in the channel
2190 (e.g. toward the membrane 2150), gas that is be-
tween the sample S and the end of the channel 2190
continues to be released through the vent membrane
2150, as shown in FIG. 21B.
[0162] Eventually, due to the continued positive pres-
sure applied at the end of the channel 2190 proximate
the dashed arrow, as shown in FIG. 21C, the sample S
reaches a location in the channel 2190 corresponding to
the vent hole (not shown) and membrane 2150 (e.g., the
end of the channel 2190 opposite the end to which pres-
sure is applied). If further pressure is applied after the
sample S reaches the position shown in FIG. 21C, the
channel 2190 becomes over-pressurized and the sample
S may leak out of the vent hole and membrane 2150. For
example, in the case of a gas-permeable, liquid imper-
meable membrane 2150, the membrane may burst due
to over-pressurization and/or sample S may leak around
the edges of the membrane 2150, as depicted by the
arrow in FIG. 21C.
[0163] In FIGS. 21A-21C, it should be understood that
the membrane 2150 may be eliminated and a vent hole
of micro-size may be used instead, as described, for ex-
ample, with reference to the embodiment of FIGS. 17
and 19.
[0164] Leakage of sample out of the substrate may de-
pend upon various factors, including, for example, the
configuration of the substrate, the applied pressure, the
method of pressure generation (e.g., via syringe, pump,
constant pressure source, etc.), properties of the mem-
brane material and/or configuration of vent holes, and
other factors that may influence the extent to which the
substrate becomes over-pressurized during filling with
sample.
[0165] Providing an additional vent upstream of the
vent 2150 of FIGS. 21A-21C may alleviate over-pressur-
ization and leakage. FIGS. 22A-22C schematically depict
the filling process that occurs for the channel 2190 of
FIGS. 21A-21C when an additional, bypass venting
mechanism 2250 is placed upstream of the vent mem-
brane 2150.
[0166] In FIG. 22A, like in FIG. 21A, sample S is deliv-
ered, for example, via positive pressure, at an end of the
channel 2190 (or chamber) opposite to an end at which
gas-permeable vent membrane 2150 is disposed. The
dashed arrows in FIGS. 21A-21C indicate the direction
of sample delivery and movement through the channel
2190, with the shaded area representing the sample S
and the nonshaded area representing gas (e.g., air). The
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channel 2190, in an exemplary configuration, may be de-
fined by a base portion 2130 and a film layer 2120, with
the film layer comprising a vent hole (not shown) posi-
tioned beneath the membranes 2150 and 2250 to permit
gas to escape therethrough. Alternatively, as described
with reference to FIGS. 21A-21C above, the membranes
2150 and 2250 may be eliminated, and a micro-sized
vent hole in the film layer used instead.
[0167] In FIG. 22A, as the sample S is forced via pres-
sure through the channel 2190, gas (e.g., air) residing in
the channel 2190 is compressed and passed out of the
channel 2190 through the vent holes (not shown) and
the gas-permeable membranes 2150 and 2250, as
shown by the solid arrows proximate the membranes
2150 and 2250. As the sample S continues to move
downstream in the channel 2190 (e.g. toward the mem-
brane 2150), gas that is between the sample S and the
end of the channel 2190 continues to be released through
the vent membrane 2150, with no gas being released
through the membrane 2250 while the sample S moves
into the region of the channel 2190 aligned with the mem-
brane 2250, as shown in FIG. 22B.
[0168] Eventually, due to the continued positive pres-
sure, applied at the end of the channel 2190 proximate
the dashed arrow, as shown in FIG. 21C, the sample S
reaches a location in the channel 2190 corresponding to
the vent hole (not shown) and membrane 2150 (e.g., the
end of the channel 2190 opposite the end to which pres-
sure is applied). In the additional upstream venting ar-
rangement depicted in FIG. 22, however, if further pres-
sure is applied after the sample S reaches the position
shown in FIG. 22C, gas trapped in the channel 2190 up-
stream of the sample S may be released through the
membrane 2250 and corresponding vent hole (not
shown), as indicated by the solid arrow proximate the
membrane 2250. By releasing the gas through the addi-
tional upstream venting mechanism (e.g., membrane
2250 in FIGS. 22A-22C), over-pressurization of the chan-
nel 2190 may be prevented and the sample movement
in the channel 2190 will stop and the sample S will remain
in the position shown in FIG. 22C without leaking from
the channel 2190.
[0169] In order to provide the proper functioning of the
upstream bypass venting mechanism, as described with
reference to FIGS. 22A-22C, however, the location of the
upstream venting mechanism and the volume of the sam-
ple supplied must be selected so as not to cause over-
pressurization or incomplete sample delivery. Examples
of how over-pressurization and incomplete delivery may
occur if the sample volume and upstream venting position
are not chosen appropriately are schematically depicted
in FIGS. 23A and 23B, respectively.
[0170] Referring to FIG. 23A, incomplete sample de-
livery may occur if the location of the upstream venting
mechanism 2355 and the volume of delivered sample S
are not selected appropriately. In other words, the sample
S will not reach and fill the end portion of the channel (or
chamber) 2390 and gas (e.g., air) will become trapped

underneath the venting mechanism 2350 downstream of
the sample S. The situation in FIG. 23A may occur when
the amount of sample S supplied to the channel 2390
and the location of the upstream bypass vent mechanism
2355 are such that the sample S advances past the vent
mechanism 2355 prior to reaching the vent 2350 at the
end of the channel 2390 where it is desired to collect the
sample S. In this situation, as depicted in FIG. 23A, as
positive pressure is supplied to the channel 2390, shown
by the dashed arrow, the sample S is moved within the
channel 2390 toward the vent mechanism 2350. Howev-
er, as the sample S moves past the upstream vent mech-
anism 2355, the sample front has not yet reached the
vent mechanism 2350, but continued application of pres-
sure causes gas in front of the sample S (i.e., to the left
of the sample S in FIG. 23A) to escape through the up-
stream vent mechanism 2355. This upstream venting of
gas results in the pressure becoming equalized with the
atmosphere despite the continued application of pres-
sure in the channel 2390. Due to the pressure equaliza-
tion, there is no pressure to cause further advancement
of the sample S within the channel 2390, thus resulting
in incomplete delivery of the sample S to the desired lo-
cation (e.g., the end of the channel beneath the vent
mechanism 2350 in FIG. 23A).
[0171] On the other hand, as depicted in FIG. 23B, the
location of the upstream venting mechanism 2355 and
the amount of sample S delivered to the channel 2390
may be selected such that the sample S completely
blocks both venting mechanisms 2355 and 2350 once
the sample S has advanced through and reached the
end of the channel 2390. In this situation, continued ap-
plication of pressure to the channel 2390, as indicated
by the dashed arrow in FIG. 23B, may result in sample
S leaking from the venting mechanism 2350, as shown
by the solid arrow in FIG. 23B. Sample leakage through
the venting mechanism 2350 and/or 2355 may occur sub-
stantially as described with reference to FIG. 21C.
[0172] Referring now to FIG. 24, an example of a multi-
chamber substrate 2410 may include an upstream vent-
ing mechanism that protects against over-pressurization
and leakage, as described in FIGS. 22A-22C, while also
including features that avoid the problems described in
FIGS. 23A and 23B. As shown in FIG. 24, the substrate
2410, which may include a base and film layer in accord-
ance with various embodiments of the disclosure, defines
a plurality of sample chambers 2480 forming an array.
The chambers 2480 are in flow communication with a
plurality of sample introduction chambers 2475, which
distribute sample supplied to the substrate 2410 via a
main fluid channel 2470. The chambers 2480 also are in
flow communication with venting chambers 2490 via
venting channels 2476. The venting chambers 2490 are
associated with venting mechanisms (not shown), such
as, for example, the various membrane examples or mi-
cro-sized vent holes described herein.
[0173] Upstream of the chambers 2480, the substrate
2410 is provided with a venting mechanism 2455, which
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may be, for example, in the form of a vent hole in a film
layer of the substrate 2410 covered with a venting mem-
brane. This upstream venting mechanism 2455 may al-
low gas (e.g., air) to escape from the substrate 2410 after
the various channels and chambers have been filled such
that over-pressurization and sample leakage out of the
venting mechanisms associated with the venting cham-
bers do not occur.
[0174] In accordance with the example of FIG. 24, the
substrate 2410 also defines an overfill channel 2475 and
overfill chamber 2495. The overfill channel 2475 leads
from the downstream end of the main fluid channel 2470
and terminates in the overfill chamber 2495. The purpose
of the overfill channel 2475 and overfill chamber 2495 is
to provide a collection reservoir for the sample so as to
ensure that complete delivery of the sample to the cham-
bers 2480 and venting chambers 2490 occurs. Providing
an overfill chamber 2495 of sufficient size allows for a
sufficient volume of sample S to be loaded into the sub-
strate 2410 to ensure complete delivery of the sample S,
without a risk of overfilling and/or overpressurizing the
substrate 2410 such that leakage may occur.
[0175] The overfill channel 2475 may have a smaller
cross-sectional area than the main fluid channel 2470.
The smaller cross-section will increase the fluidic resist-
ance (e.g., pressure) encountered by the sample S as it
fills the substrate 2410. As such, the overfill chamber
2495 will fill only after the remaining chambers 2480 and
2490 and channels 2470, 2420, and 2400. In various
examples, rather than a straight overfill channel of re-
duced cross-section, an overfill channel having a serpen-
tine configuration may be used as depicted in FIG. 24
and/or a combination of serpentine configuration and re-
duced cross-section may be used. The serpentine con-
figuration can lengthen the overfill channel in comparison
to a straight overfill channel substantially without increas-
ing the overall size of the substrate. The lengthening and
serpentine configuration of the overfill channel also may
function to increase fluidic resistance encountered by the
sample such that the overfill chamber fills after the re-
maining portions of the substrate.
[0176] The inlet sample volume requirement may be
calculated as follows to ensure that all of the sample
chambers 2480 are filled and the substrate is not over-
pressurized. Assuming that the substrate 2480 has 24
sample chambers, as shown in FIG. 24, the inlet sample
volume = (the volume of all 24 chambers 2480) + (the
volume of all 24 venting chambers 2490) + (the volume
of the main fluid channel 2470) + (the volume of the sam-
ple introduction channels 2420) + ((the volume of the
overfill chamber 2495)/2) Thus, the sample volume tol-
erance using the above inlet sample volume is © the
volume of the overfill chamber, which will allow the vol-
ume to fill all of the sample chambers, without over-pres-
surizing the device.
[0177] Aspiration of sample into the chambers can be
assisted by moving the overfill chamber to the inlet to
provide protection against over-aspirating the sample.

[0178] As discussed above, it may be desirable to in-
tegrate sample preparation with a multi-chamber array
substrate. For example, it may be desirable to elute nu-
cleic acid from a membrane and supply the eluted sample
volume directly to a substrate. Before filling the sample
chambers with the eluted sample, however, it is desirable
to ensure that the eluted sample has been sufficiently
mixed to substantially homogenize the concentration of
the sample prior to filling the sample chambers. If the
eluted sample is not sufficiently homogenized, a concen-
tration gradient may result in the substrate chambers.
For example, the concentration of nucleic acid may be
higher in upstream chambers than in downstream cham-
bers of the substrate. Such a concentration gradient in
the substrate may impair detection, quantization (e.g.,
for gene expression) and/or analysis of the biological
sample being tested.
[0179] To mix the eluted sample so as to obtain a sub-
stantially homogenized concentration, an external mixing
force, for example, via a vortex or the like, may be applied
to the collected sample and the mixed sample may then
be introduced into the substrate. In an alternative em-
bodiment, however, it may be desirable to provide a
mechanism for mixing eluted sample as part of the sub-
strate itself. FIG. 25 shows an example of a substrate
configuration that provides for mixing of eluted sample
within the substrate itself prior to the eluted sample being
loaded into the sample chambers. In the example of FIG.
25, passive mixing of the sample may occur in the sub-
strate via a relatively simple design and without moving
parts.
[0180] In the multi-chamber array substrate 2510
shown in FIG. 25, a tube 2505 configured to collect eluted
sample (e.g., a sample of nucleic acid eluted from a mem-
brane) is positioned in flow communication with a sample
inlet port 2560 of the substrate 2510. The tube 2505 may
collect eluted sample prior to any mixing, for example,
nucleic acid sample eluted directly from a membrane.
The substrate 2510 includes an array of sample cham-
bers 2580, venting chambers 2590, sample introduction
channels 2575, venting channels 2576, and a main fluid
channel 2570, similar to other substrate embodiments
described herein.
[0181] In addition to the various features listed above,
the substrate 2510 also defines a serpentine mixing
channel 2565 that connects the inlet port 2560 and the
main fluid channel 2570 in flow communication with each
other. The serpentine channel 2565 serves to lengthen
the distance the sample travels between being supplied
to the inlet port 2560 and filling the sample chambers
2580. By increasing the distance, and thus time, the sam-
ple travels prior to filling the chambers 2580, diffusion
may be increased in the sample thereby mixing the sam-
ple and promoting homogenization of the sample con-
centration. In other words, moving a plug of liquid, such
as a volume of eluted sample, through a channel of suf-
ficient length prior to introducing the sample into the sam-
ple chambers may take advantage of the recirculation
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patterns that occur along the axis of the microfluidic chan-
nel that results from the plug of liquid having a parabolic
velocity profile with substantially flat menisci at both ends
of the plug. With a long enough mixing channel, and thus
time, such recirculation patterns may act to mix the sam-
ple plug and provide a substantially uniform concentra-
tion prior to the sample being introduced into the sample
chambers. Enhanced mixing may also occur by providing
the mixing channel 2565 with sharp corners rather than
rounded corners and/or by applying various surface fin-
ishes configured to enhance mixing.
[0182] Thus, the mixing channel 2565 provides a pas-
sive mixing feature that is integral with the substrate
2510. This permits direct loading of the substrate 2510
with eluted sample without prior mixing, while ensuring
that the sample filling the chambers 2580 will have a sub-
stantially uniform concentration for all of the chambers
2580. The serpentine mixing channel 2565 may be rel-
atively large in comparison to the main fluid channel
2570. By way of example only, the main fluid channel
2570 may be approximately 150 mm wide by approxi-
mately 50 mm deep, while the width of the mixing channel
2565 may range from approximately 1 mm to approxi-
mately 2 mm and have the same depth as the main fluid
channel 2570.
[0183] A straight mixing channel may be used rather
than the serpentine mixing channel shown in FIG. 25,
however, using a straight channel having approximately
the same length of the serpentine channel may increase
the overall dimensions of the substrate 2510. Thus, the
serpentine configuration provides a benefit of providing
a sufficient length over which diffusion of the eluted sam-
ple can occur, without substantially increasing the overall
dimensions of the substrate. Further, the bends in the
serpentine channel configuration may promote additional
mixing of the sample as it travels through the channel.
[0184] Yet another example of a multi-chamber array
substrate 2610 is depicted in FIG. 26. The view of the
substrate 2610 shows the various features of the base
2630 of the substrate that, together with a film layer, as
has been described for various substrate embodiments
above, form a sample fluid distribution network including
main fluid channels 2670a, 2670b, and 2671, inlet chan-
nels 2672 leading from the main fluid channels to sample
chambers 2680, and venting channels 2600 leading from
sample chambers 2680 to venting chambers 2690. Thus,
the view in FIG. 26 is through a film layer applied over
the side of the base 2630 that has openings defining the
various features described above. Further features of the
substrate 2610 include sample inlet ports 2660 for sup-
plying sample to the substrate 2610 and to main fluid
channels 2670a, 2670b, and 2671, overfill chambers
2695 and overfill channels 2675 leading from main fluid
channels 2670b and 2671 to the overfill channels 2695.
The substrate 2610 also may include indexing holes 2621
to help align and position the substrate 2160 in various
biological testing apparatuses, such as, in conjunction
with thermal blocks and the like for performing PCR or

other biological analysis.
[0185] The substrate 2610 of FIG. 26 may be made of
a variety of materials for the base and film layers, includ-
ing any of the materials that have been discussed above.
In particular, the materials chosen may be PCR compat-
ible materials. By way of example, the base 2630 may
be made molded from COP (e.g., ZEONOR 1420R) and
the film layer that together with the base 2630 defines
the sample distribution network (e.g., the sample cham-
bers, channels, venting chambers, etc.) may be an alu-
minum PSA layer. In addition, it is envisioned that various
sealing, venting, and mixing mechanisms that have been
described above may be used in combination with the
substrate depicted in FIG. 26 and those having skill in
the art would understand based on the teachings herein
how to combine those mechanisms and/or various struc-
tural configurations associated with those mechanisms
with the example of FIG. 26. By way of example only, the
substrate of FIG. 26 may be combined with any of the
venting mechanisms illustrated in FIGS. 14-16. That is,
the base 2630 of the embodiment of FIG. 26 may replace
the base 1430 shown in FIGS. 14-16 and be combined
with the other components shown in those figures, in-
cluding the film layer 1420, the film layer 1425, and any
of the membranes 1450, 1550, and 1650. Other structural
aspects of the substrate 2610 shown in FIG. 26 are dis-
cussed below in more detail.
[0186] As noted above, the example of FIG. 26 in-
cludes two inlet fluid supply ports 2660. One of the ports
2660 is in flow communication with main fluid supply
channels 2670a and 2670b and the other inlet port 2660
is in flow communication with main fluid supply channel
2671. Main fluid supply channels 2670a and 2670b are
in parallel connection with each other and the inlet port
2660, however, the inlet port 2660 also may supply fluid
to main fluid channels that are serially connected, for
example, as shown in the exemplary embodiment of FIG.
27. The main fluid supply channels 2670a and 2670b are
configured to supply fluid (e.g., biological sample) to a
first group of sample chambers 2680 (e.g., 16 chambers
in FIG. 26) and the main fluid supply channel 2671 is
configured to supply sample to a second group of cham-
bers 2680 (e.g., 8 chambers in FIG. 26). The main fluid
supply channels 2670a and 2670b and the first group of
chambers 2680 are not in flow communication with the
main fluid supply channel 2671 and the second group of
chambers 2680.
[0187] This configuration of two inlet ports 2660 for
supplying two differing sample chamber networks that
are not in flow communication with each other permits
two differing samples to be supplied to the substrate 2610
and/or differing biological testing (analysis) to be per-
formed within the same substrate 2610. Moreover, the
dual fluid distribution network provided in the substrate
2610 may provide a negative template control mecha-
nism in order, for example, to test for false positives. By
way of example, the inlet portion 2660 connected to the
main fluid channels 2670a and 2670b may be supplied
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with a biological sample for which PCR analysis may be
desired, while the inlet port 2660 in flow communication
with the main fluid supply channel 2671 may be supplied
with a blank sample (such as, for example, an elution
buffer such as deionized water or Tris HCl). Analysis,
such as via optical detection (for example, by detection
of a fluorescent signal), of both groups of sample cham-
bers may be performed and if a signal is detected in the
sample chambers filled with the blank sample, this may
indicate that the substrate is contaminated or otherwise
susceptible to giving a false positive result.
[0188] Although the example of FIG. 26 depicts 16
sample chambers in flow communication with one inlet
port 2660 and 8 sample chambers in flow communication
with the other inlet port 2660, any number of sample
chambers may be provided in flow communication with
each inlet port. However, when using one group of sam-
ple chambers and corresponding inlet port as a negative
template control, it may be desirable to provide less sam-
ple chambers than for a group of chambers and corre-
sponding inlet port being used for analysis of biological
sample. It also should be understood that each inlet port
may supply more than one main fluid channel, which may
be connected either in parallel or serially. In addition,
more than two sample inlet ports may be provided and
thus more than two groups of sample chambers may be
supplied with differing samples.
[0189] As mentioned above, for an inlet supply port
supplying sample to more than one main fluid channel,
those main fluid channels may be connected either se-
rially or in parallel. The example of FIG. 27 depicts a
substrate 2710 similar to that of the substrate 2610 of
FIG. 26, with the exception that the main fluid channels
2770a and. 2770b that supply the group of 16 sample
chambers 2780 are connected in series rather than in
parallel. Like the substrate 2610, the substrate 2710 in-
cludes two inlet supply ports 2760 that are configured to
supply differing fluids to two differing groups of sample
chambers 2780, and thus can provide a negative tem-
plate control as discussed above. Based on studies per-
formed, providing the configuration of FIG. 26, wherein
the main fluid channels 2670a and 2670b are connected
in parallel rather than serially like the main fluid channels
2770a and 2770b, permits faster filling of the substrate.
For example, for machined substrate prototypes having
configurations similar to the example depicted in FIGS.
26 and 27, using an applied pressure of 2 psi to perform
the filling, the embodiment of FIG. 26 filled in 15 seconds
while the example of FIG. 27 filled in 4 minutes. At an
applied pressure of 5 psi, the example of FIG. 26 filled
in 6 seconds and the example of FIG. 27 filled in 22 sec-
onds.
[0190] The example of FIGS. 26 and 27 also include
two overfill chambers 2695 and 2795 and two overfill
channels 2675 and 2775 associated with each group of
sample chambers 2680 and 2780. Each overfill channel
2675 leads respectively from the main fluid supply chan-
nels 2670b and 2671 to the overfill chambers 2695. Each

overfill channel 2775 leads respectively from the main
fluid supply channels 2770b and 2771 to the overfill
chambers 2695. In a manner similar to that described
above with reference to FIG. 24, the overfill chambers
2695 and 2795 and overfill channels 2675 and 2775 act
to protect against overfilling, and thus over-pressuriza-
tion of the substrate while ensuring sufficient filling of all
of the sample chambers 2680 and 2780 with fluid.
[0191] An upstream venting mechanism in conjunction
with the inlet supply ports 2660 and 2760 may be provid-
ed in order to protect against overfill and over-pressuri-
zation of the substrate, as discussed above with refer-
ence to FIGS. 22 and 24, for example. The upstream
venting mechanism may be in the form of any of the vent-
ing mechanisms in accordance with the teachings herein,
including, but not limited to, the venting mechanism of
the example of FIGS. 2A and 2B, the venting mechanism
of the example of FIG. 13, the backside venting mecha-
nisms discussed with reference to the embodiments of
FIGS. 15-16, and the venting mechanism of the example
of FIG. 17. In an exemplary aspect, the venting mecha-
nism may be a vent hole provided in the film layer that
covers the openings of the various fluid distribution fea-
tures of the base (e.g., the film layer that together with
the base forms the fluid distribution network of chambers
and channels) and a gas permeable or porous membrane
(e.g., hydrophobic membrane) situated over the inlet
ports 2660 and 2760. Further, rather than positioning the
upstream venting mechanism over the inlet ports 2660
and 2760, the upstream venting mechanism could be
provided in conjunction with the fluid channels leading
from the inlet ports 2660 and 2760 at a location proximate
the inlet ports 2660 and 2760.
[0192] Using an upstream venting mechanism, the
sample volume that may be used to fill the sample cham-
bers 2680 and 2780 associated with the main fluid supply
channels 2670a, 2670b and 2770a, 2770b may range
from a minimum determined by adding the total volume
of the sample chambers (the 16 chambers in the case of
FIGS. 26 and 27), the total volume of the venting cham-
bers, the main fluid supply channels, the inlet channels,
and the venting channels associated with those cham-
bers, and the volume of vent through holes (if any, for
example, if the substrate of FIGS. 26 and 27 has a con-
figuration like those shown in one of FIGS. 14-16) asso-
ciated with the venting chambers and inlet supply port
feeding the first group of chambers. The sample volume
maximum may be calculated by adding the above vol-
umes to the volume of the overfill chamber. Assuming
that for the fluid distribution networks associated with the
group of 16 chambers of FIGS. 26 and 27 that the volume
of each sample chamber 2680 and 2780 is 1.35 mL, the
volume of the overfill chamber 2695 and 2795 is 5.09 mL,
the total volume of the main fluid channels 2670a, 2670b
and 2770a, 2770b, the inlet channels 2670 and 2770 and
venting channels 2600 and 2700 associated with those
main fluid channels, and the venting chambers 2690 and
2790 associated with the 16 sample chambers is 1.40
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mL, the sample supply volume may range from 24.53 mL
to 29.62 mL.
[0193] Instead of or in addition to providing an up-
stream venting mechanism to protect against over-pres-
surization of the substrate, optical detection of sample
reaching the overfill chambers 2695 and 2795 may be
implemented. In an exemplary aspect, a dried, colored,
fluorescence dye (e.g., a red dye) may be deposited in
the overfill chambers 2695 and 2705, for example, prox-
imate an inlet of the chambers 2695 and 2795. Thus,
when the sample begins filling the overfill chambers 2695
and 2795, an optical detection mechanism may detect a
change in color in the overfill chamber 2695 and 2795
and a feedback control mechanism may send a signal
indicating to stop the application of pressure used for
filling the substrate 2610 and 2710. For example, a feed-
back signal may be sent to a pressure-providing device
(e.g., a pump, syringe, etc.) to automatically stop the
pressure being used to fill the substrate and/or to an in-
dividual to manually stop the pressure.
[0194] The optical detection system may, for example,
include an optical cover over the substrates 2610 and
2710 such that only the sample chambers 2680 and
2780, and the outlet portion of the overfill chambers 2695
and 2795 are viewable by an optical reading mechanism.
The optical detection system may use, for example, an
LED beam to illuminate the overfill chambers 2695 and
2795 and the optical reading mechanism may monitor
the overfill chambers 2695 and 2795 near their respective
outlets 2696 and 2697 for a change in fluorescence. After
all of the chambers 2680 and 2780 have been filled, the
sample will move into the overfill chambers 2695 and
2795, dissolve the predeposited dye and carry it to the
outlets 2696 and 2796. The optical reading mechanism
may then detect a fluorescence signal change and send
a feedback signal, for example, to an operator or a filling
device, to stop the application of pressure for supplying
sample to the substrate 2610 and 2710. In other exam-
ples the detector could detect the presence of an internal
standard in the mastermix mixed with sample (which may
be ROX), rather than spotting additional dye in the overfill
chambers.
[0195] It has been observed that flowing deionized wa-
ter into an empty chamber also causes a signal increase,
which may be contributed by air and water having differ-
ing optical background signals and/or by the meniscus
of the traveling water causing a signal change through
both reflection and diffraction effects. Thus, in various
examples, rather than using a red dye, LED beam, and
fluorescence detecting mechanism in the overfill cham-
ber, an optical sensor configured to detect the presence
of liquid may be used. By way of example, a refractive
index sensor may be used to detect liquid filling the overfill
chamber. Because the refractive index of water (e.g.,
sample) differs from that of air, the light is deflected in a
way that differs when the sample enters an overfill cham-
ber and can be recognized by the detector. When the
detector senses the change, a signal can be sent to stop

the application of pressure and supply of sample.
[0196] Yet further examples for detection of the pres-
ence of sample in an overfill chamber include the use of
a capacitance sensor or the use of an infrared sensor.
Regarding the former, a capacitance sensor may be used
to measure the capacitance between the film layer (e.g.,
an aluminum film layer) covering an overfill chamber and
the opposite side of the substrate at the location of the
overfill chamber. Since the dielectric constant of water is
much greater than air, when sample fills the overfill cham-
ber, the sensed capacitance may change and the capac-
itance sensor may send a signal indicating to stop filling
(e.g., pressure application to) the substrate. FIG. 37 de-
picts an example of using a capacitance sensor to detect
the presence of sample in an overfill chamber 3895 in a
substrate 3810. In FIG. 37, an electrode 3801 may be
positioned on a side of the substrate 3810 opposite to
the side of a film layer 3820, for example, an aluminum
film layer. The electrode 3801 may be disposed on the
substrate 3810 or may be part of an instrument cover or
the like that clamps the substrate 3810 during filling. The
aluminum film layer 3820 may be connected to a voltage
supply to serve as a second electrode. In the case where
the film layer is not a metal, another electrode could be
positioned underneath the film layer 3820 similar elec-
trode 3801. A voltage may be applied between the two
electrodes (e.g., 3801 and the aluminum film layer 3820
in FIG. 37) and a capacitance of the chamber 3895 may
be sensed. In various examples, the voltage may be ap-
plied as an AC field, and the capacitance may be detected
as a phase shift, as well as permitting multiple readings,
instead of the single change that would be registered with
a DC field. An additional, optional electrode 3802 may
be positioned adjacent, e.g., downstream, of the elec-
trode 3801 and over the overfill chamber 3895 to use as
a reference and a differential measurement may be made
to increase the accuracy of the capacitance measure-
ment. A conductivity detector can be used where the
sample liquid is permitted to come into direct contact with
the electrodes.
[0197] An infrared sensor may be used to detect sam-
ple filling of an overfill chamber. Because water:and air
have differing absorbance in the infrared range, infrared
absorbance and/or reflection may be measured at the
overfill chamber to detect the presence of sample (which
contains water) entering the chamber. For example, in
the case of an aluminum film layer covering the base of
a substrate, infrared reflection off the aluminum layer
over an overfill chamber may be detected.
[0198] Those having skill in the art will recognize var-
ious other detection mechanisms that may be used to
detect the presence of the sample filling the overfill cham-
ber, and the examples above should not be construed
as limiting. Also, it should be understood that the various
optical detection mechanisms described with reference
to the embodiments of FIGS. 26 and 27 may also be
applied to the examples of FIG. 24.
[0199] Using an optical detection mechanism, the vol-

59 60 



EP 1 885 839 B1

32

5

10

15

20

25

30

35

40

45

50

55

ume of sample that may be supplied to the sample dis-
tribution networks associated with the first group of sam-
ple chambers 2680 and 2780 (the 16 chamber group) of
the substrates 2610 and 2710 may range from a minimum
determined by adding the total volume of the sample
chambers (the 16 chambers in the case of FIGS. 26 and
27), the total volume of the venting chambers, the main
fluid supply channels, the inlet channels, and the venting
channels associated with those chambers, the total vol-
ume of the vent through holes (if any) associated with
the venting chambers and inlet supply port feeding the
first group of chambers, and half of the volume of the
overfill chamber associated with the first group of cham-
bers. The sample volume maximum may be determined
in the same manner as the sample volume maximum
when using the upstream venting mechanism approach,
discussed above. Thus, assuming the various volume
values as discussed above, the sample volume supplied
to the first group of chambers 2680 and 2780 using optical
detection as an over-pressurization/overfill protection
mechanism may range from 27.08 ml to 29.62 ml.
[0200] Whether implementing the upstream venting
mechanism approach or the optical detection approach,
using an overfill chamber and channel, as described in
the examples of FIGS. 24, 26, and 27 helps to ensure
that sufficient filling of the sample chambers occurs with-
out over-pressurization, and potential leakage, of the
substrate. Further, this protection against underfilling and
over-pressurization can occur with a relatively large tol-
erance of the input sample volume. In other words, a
precise amount of sample does not need to be deter-
mined and used to fill the substrate such that all of the
sample chambers are filled, but over-pressurization does
not occur. Rather, there is a volume range that may be
used while still protecting against underfilling of the
chambers, and over-pressurization of the substrate.
[0201] Although various exemplary substrate exam-
ples described above and shown in the figures depicted
partial views, schematic views, or substrates defining a
12-chamber, 16-chamber, or 24-chamber array, it should
be understood that the various configurations and fea-
tures of those examples can be applied to substrates of
varying sizes and chamber arrays, including, for exam-
ple, substrates defining multi-chamber arrays including
various number of chambers, including, but not limited
to, 12, 24, 36, 48, 96, 192, 384, 3072, 6144, or more
sample chambers. In an exemplary configuration, the
various substrates described above can have dimen-
sions of, for example, about 127. 0 millimeters by about
85.7 millimeters and define 384 sample chambers.
[0202] In some cases, for example when performing
biological testing using a substrate defining a chamber
array that differs from a conventional substrate, it may
be desirable to use existing instrumentation for such con-
ventional substrate configurations to perform biological
analysis on substrates of other sizes. For example, at
least some substrates in accordance with the present
teachings may define 12-, 16-, or 24-chamber arrays,

which have fewer chambers, and thus require fewer as-
says, than are available in a conventional low density
array substrate (e.g., a substrate including a 96-chamber
or 384-chamber array). When performing biological test-
ing, such as, for example, real-time PCR, on the sub-
strates with fewer chambers, a solution may be to perform
testing on more than one substrate and thereby enable
analysis of multiple samples during the same testing
step. However, this may result in a mismatch between
the number of samples presenting for analysis and the
number of positions available on a substrate. Further,
using a low density array substrate that does not use all
of the chambers available may not be desirable since
once subject to biological analysis, the substrates may
not be suitable for further use. Also, in some cases, it
may be desirable to subject one or more samples to dif-
fering assay panels (e.g., biological analysis) during a
single processing routine (e.g., a single real time PCR
assay step).
[0203] In order to achieve at least some of the desirable
features above and in accordance with various examples
of the present teachings, substrates that define a subset
of chambers (e.g., "subcards") of a standard low density
array substrate (e.g., 96- or 384-chamber array) may be
provided that are configured to be combined and posi-
tioned into a holding fixture compatible for use with stand-
ard low density array testing instrumentation. FIGS.
54-56 show schematic perspective views of various hold-
ing fixtures that may be used to hold one or more sub-
cards.
[0204] The holding fixtures 5400 and 5600 of FIGS.
54-56 are in the form of a 4-sided frame with an array of
openings 5401 and 5601 that correspond to locations of
sample chambers on subcards. One or opposing sides
of the holding fixtures 5400 and 5600 may define a slot
configured to receive one or more subcards to be inserted
into the fixture when performing biological testing, for ex-
ample, real-time PCR. In the holding fixture of FIG. 54,
4 16-chamber array substrates (subcards) 5410 are
shown inserted into the holding fixture 5400. The holding
fixture 5400 is configured to hold a number of substrates
that combined total a 96-chamber array. That is, the hold-
ing fixture 5400 includes an array of 96 openings 5401.
FIG. 55 shows an example of the use of the holding fixture
5400 to hold 4 16-chamber array subcards 5510 that in-
clude sample processing modules 5550 connected to the
subcards 5510. In various examples, the sample
processing modules 5550 may be detachable from the
subcards 5510 prior to performing biological testing.
[0205] FIG. 56 depicts an example of a holding fixture
5600 configured to hold subcards 5610 including 24-
chamber arrays, with each subcard 5610 including 4
chambers across the substrate and 6 chambers down
the substrate. The holding fixture 5600 may define slots
at opposing ends to receive 4 subcards having a config-
uration like subcards 5610. The subcards 5610 shown
in FIG. 56 include sample processing modules 5650,
which may be detachable. It should be understood that
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the subcards without such sample processing modules
also may be used.
[0206] The configurations of the subcards and holding
fixtures of FIGS. 54-56 are exemplary only and not lim-
iting. Various holding fixture and subcard configurations
having differing number and arrangement of arrays may
be used in accordance with the present teachings. Fur-
ther, the subcards that are placed in the holding fixtures
need not be of the same size and/or arrangement. For
example, a subcard having a configuration like the sub-
cards 5510 may be provided in the same holding fixture
as a subcard having a configuration like the subcards
5610. Those having skill in the art would recognize that
other combinations of subcards and configurations of
subcards and holding fixtures may be used based on the
present teachings.
[0207] When performing biological testing, differing
numbers of substrates maybe processed in each testing
run. For example, one, two, three, four, or more cards
may be processed (e.g., thermocycled) during a given
biological testing run. This may be particularly true in
benchtop testing of substrates.
[0208] In this situation, it is desirable to achieve sub-
stantial chamber-to-chamber thermal uniformity within
and between substrates being processed. Moreover, it
may be desirable to provide information to the testing
instrumentation regarding the number of substrates be-
ing processed in a given run.
[0209] With reference to FIGS. 57-60, a set of four dif-
fering substrate (e.g., card) carriers are depicted. Each
carrier is configured to hold a differing number of sub-
strates. For example, the carrier 5700 in FIG. 57 defines
a single cavity 5705 configured to hold a single substrate.
The carrier 5800 in FIG. 58 defines two cavities 5805
each configured to hold a substrate. The carrier 5900 in
FIG. 59 is configured to hold three substrates in three
cavities 5905 defined by the carrier, and the carrier 6000
in FIG. 60 defines four cavities 6005 configured to hold
four substrates.
[0210] Each of the differing carriers in FIGS. 57-60 may
include indicators readable by the instrumentation used
for processing to indicate how many substrates the car-
rier is configured to hold. By way of example, each carrier
5700, 5800, 5900, and 6000 may include one or more
fluorescent scan marks 5715, 5815, 5915, and 6015 that
indicate how many substrates the carrier is configured
to hold (e.g., 1 scan mark for carrier 5700, 2 scan marks
for 5800, 3 scan marks for 5900, and 4 scan marks for
6000). The carriers 5700, 5800, 5900, and 6000 also may
include an indicator 5720, 5820, 5920, and 6020 reada-
ble by an individual (e.g., an Arabic numeral 1 through
4) to indicate how many substrates the carrier is config-
ured to hold. Indicators other than Arabic numerals
and/or fluorescent scan marks, such as, for example, bar
codes and RFID identifiers, also may be appropriate
identification mechanisms. Those having ordinary skill in
the art would recognize numerous ways to achieve iden-
tification of the carriers, both by operators and by instru-

mentation.
[0211] To use the carriers of FIGS. 57-60, a user in-
stalls the appropriate number of sample-filled substrates
(e.g., one to four in the exemplary embodiments of FIGS.
57-60) into a carrier, places the carrier into the testing
instrumentation, and begins testing (e.g., thermocycling).
The testing instrumentation reads the indicators on the
carrier to determine how many substrates are being proc-
essed and may be configured to control the processing
steps (such as the thermocycling temperatures, times,
locations of applied heat, etc.) based on that information.
This may ensure that the testing processes are compat-
ible with the number of substrates being tested so as to
promote thermal uniformity.
[0212] FIG. 61 depicts another example of a substrate
carrier that may be useful when performing biological
testing on differing numbers of substrates in a given test-
ing run. The carrier 6100 of FIG. 61 defines four cavities
6105 that are configured to receive a substrate for bio-
logical testing or a mockup card 6120. The mockup card
6120 may be removable from a cavity 6105 and replaced
with a substrate for biological testing or may be placed
in a cavity 6105 when the cavity 6105 is not being used
to hold a substrate for biological testing. Each mockup
card 6120 may be provided with an indicator 6115 read-
able by the instrumentation used for processing to indi-
cate that a mockup card 6120 rather than a sample sub-
strate is in place in a cavity. By being able to sense the
number and locations of mockup cards versus sample
substrates held by the carrier 6100 during a testing run,
the testing processes may be adjusted (e.g., thermocy-
cling temperatures, times, and locations of applied heat,
etc.).
[0213] The present teachings provide a variety of struc-
tural arrangements, techniques, and/or methodology
useful for performing biological analysis, including mul-
tiple analyte detection. It should be understood that al-
though in some cases the examples described herein
may focus on a particular aspect, various examples may
be combined to form a system and/or substrate config-
uration useful for multiple analyte detection. By way of
example only, various sealing approaches may be com-
bined with various venting approaches. The various em-
bodiments described herein are not intended to be mu-
tually exclusive.
[0214] For the purposes of this specification and ap-
pended claims, unless otherwise indicated, all numbers
expressing quantities, percentages or proportions, and
other numerical values used in the specification and
claims, are to be understood as being modified in all in-
stances by the term "about." Accordingly, unless indicat-
ed to the contrary, the numerical parameters set forth in
the following specification are approximations that may
vary depending upon the desired properties sought to be
obtained by the present disclosure. At the very least, and
not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the
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number of reported significant digits and by applying or-
dinary rounding techniques.
[0215] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the disclo-
sure are approximations, the numerical values set forthin
the specific examples are reported as precisely as pos-
sible. Any numerical value, however, inherently contains
certain errors necessarily resulting from the standard de-
viation found in their respective testing measurements.
Moreover, all ranges disclosed herein are to be under-
stood to encompass any and all subranges subsumed
therein. For example, a range of "less than 10" includes
any and all subranges between (and including) the min-
imum value of zero and the maximum value of 10, that
is, any and all subranges having a minimum value of
equal to or greater than zero and a maximum value of
equal to or less than 10, e.g., 1 to 5.
[0216] It is noted that, as used in this specification, the
singular forms "a," "an," and "the" include plural referents
unless expressly and unequivocally limited to one refer-
ent. Thus, for example, reference to "a layer" includes
two or more different layers. As used herein, the term
"include" and its grammatical variants are intended to be
non-limiting, such that recitation of items in a list is not
to the exclusion of other like items that can be substituted
or added to the listed items.

Claims

1. A system for distribution of a biological sample, the
system comprising:

a substrate (310, 2910, 3110), wherein the sub-
strate (310, 2910, 3110) comprises a plurality of
sample chambers (380, 2980, 3180), a sample
introduction or inlet channel (375, 2975) for each
sample chamber (380, 2980, 3180), and a vent-
ing or outlet channel (376, 2976) for each sam-
ple chamber (380, 2980, 3180);
a preloaded reagent contained in each sample
chamber (380, 2980, 3180) and configured for
nucleic acid analysis of a biological sample that
enters the substrate (310, 2910, 3110); and
a sealing instrument configured to be placed in
contact with the substrate (310, 2910, 3110) to
seal each sample chamber (380, 2980, 3180)
by deforming or intersecting the channels (375,
376, 2975, 2976) so as to substantially prevent
flow communication between the channels (375,
376, 2975, 2976) and the sample chambers
(380, 2980, 3180) wherein the substrate (310,
2910, 3110) is constructed of detection-compat-
ible and assay-compatible materials, charac-
terized in that
the sealing instrument includes a roller (2920,
3120) provided with a plurality of sealing protru-
sions (330, 2930, 3130) to deform or intersect

the channels (375, 376, 2975, 2976) by relative
motion of the roller (2920, 3120) and the sub-
strate (310, 2910, 3110).

2. The system of claim 1, wherein the sealing instru-
ment is configured to be placed in contact with an
exterior portion of the substrate (310, 2910, 3110).

3. The system of claim 1, wherein the sealing instru-
ment is configured to be placed in at least one of
pressure contact and thermal contact with the sub-
strate (310, 2910, 3110).

4. The system of claim 1, wherein the sealing protru-
sions (330, 2930, 3130) are configured to seal the
sample introduction or inlet channels (375, 29759)
and venting or outlet channels (376, 2976) for each
sample chamber (380, 2980, 3180).

5. The system of claim 1, wherein the sealing instru-
ment is configured to be placed in contact with the
substrate (310, 2910, 3110) at least one of before a
reaction process that occurs in the sample chambers
(380, 2980, 3180) and during a reaction process that
occurs in the sample chambers (380, 2980, 3180).

6. The system of claim 1, wherein the substrate (310,
2910, 3110) comprises a film layer and wherein a
portion of the film layer fills the sample introduction
or inlet channels (375, 2975) and the venting or outlet
channels (376, 2976) upon contact of the sealing
instrument with the substrate (310, 2910, 3110).

7. The system of any one of the preceding claims,
wherein the sealing protrusions (330, 2930, 3130)
are in the form of circumferential disks (2930) spaced
from each other along the longitudinal axis of the
roller (2920).

8. The system of claim 7, wherein the disks (2930) are
configured to deform the channels (2975, 2976) at
the locations that the disks (2930) cross over the
channels (2975, 2976) to prevent flow communica-
tions between the channels (2975, 2976) and the
sample chamber (2980).

9. The system of any one of claims 1 to 6, wherein the
sealing protrusions (330, 2930, 3130) are in the form
of circular pins (3130) provided around the outer cir-
cumference of the roller (3120).

10. The system of claim 9, wherein the pins (3130) are
configured to align over a row of chambers (3180)
in a substrate (3110) to seal the chambers (3180).

11. The system of any one of claims 1 to 6, wherein the
sealing protrusions (330, 2930, 3130) are in the form
of arc-shaped pins (330).
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12. The system of any one of the preceding claims,
wherein the sealing instrument comprises plural roll-
ers (2920, 3120), wherein the sealing protrusions
(330, 2930, 3130) on a first roller (2920, 3120) are
configured to seal the venting or outlet channels
(375, 2976) leading from the sample chambers (380,
2980, 3180) and the sealing protrusions (330, 2930,
3130) on a second roller (2920, 3120) are configured
to seal the introduction or inlet channels (375, 2975)
leading to the sample chambers (380, 2980, 3180).

Patentansprüche

1. System zum Verteilen einer biologischen Probe, wo-
bei das System Folgendes umfasst:

ein Substrat (310, 2910, 3110), wobei das Sub-
strat (310, 2910, 3110) eine Vielzahl von Pro-
benkammern (380, 2980, 3180), einen Proben-
einführungs- oder Einlasskanal (375, 2975) für
jede Probenkammer (380, 2980, 3180) und ei-
nen Entlüftungs- oder Auslasskanal (376, 2976)
für jede Probenkammer (380, 2980, 3180) um-
fasst;
ein vorgeladenes Reagenz, das in jeder Proben-
kammer (380, 2980, 3180) enthalten ist und für
die Nukleinsäureanalyse einer biologischen
Probe konfiguriert ist, die in das Substrat (310,
2910, 3110) eintritt; und
ein Siegelungsinstrument, das konfiguriert ist,
um in Kontakt mit dem Substrat (310, 2910,
3110) gebracht zu werden, um jede Probenkam-
mer (380, 2980, 3180) zu versiegeln, indem die
Kanäle (375, 376, 2975, 2976) verformt oder
durchschnitten werden, um dadurch im Wesent-
lichen die Flusskommunikation zwischen den
Kanälen (375, 376, 2975, 2976) und den Pro-
benkammern (380, 2980, 3180) zu verhindern,
wobei das Substrat (310, 2910, 3110) aus de-
tektionskompatiblen und testkompatiblen Mate-
rialien konstruiert ist, dadurch gekennzeich-
net, dass
das Siegelungsinstrument eine Walze (2920,
3120) einschließt, die mit einer Mehrzahl von
Siegelungsvorsprüngen (330, 2930, 3130) ver-
sehen ist, um die Kanäle (375, 376, 2975, 2976)
durch die relative Bewegung der Walze (2920,
3120) und des Substrats (310, 2910, 3110) zu
verformen oder zu durchschneiden.

2. System nach Anspruch 1, wobei das Siegelungsin-
strument konfiguriert ist, um in Kontakt mit einem
Außenteil des Substrats (310, 2910, 3110) gebracht
zu werden.

3. System nach Anspruch 1, wobei das Siegelungsin-
strument konfiguriert ist, um in Druckkontakt

und/oder thermischen Kontakt mit dem Substrat
(310, 2910, 3110) gebracht zu werden.

4. System nach Anspruch 1, wobei die Siegelungsvor-
sprünge (330, 2930, 3130) konfiguriert sind, um die
Probeneinführungs- oder Einlasskanäle (375, 2975)
und die Entlüftungs- oder Auslasskanäle (376, 2976)
für jede Probenkammer (380, 2980, 3180) zu ver-
siegeln.

5. System nach Anspruch 1, wobei das Siegelungsin-
strument konfiguriert ist, um vor einem Reaktions-
prozess, der in den Probenkammern (380, 2980,
3180) stattfindet, und/oder während eines Reakti-
onsprozesses, der in den Probenkammern (380,
2980, 3180) stattfindet, mit dem Substrat (310, 2910,
3110) in Kontakt gebracht zu werden.

6. System nach Anspruch 1, wobei das Substrat (310,
2910, 3110) eine Folienschicht umfasst und wobei
ein Teil der Folienschicht bei Kontakt des Siege-
lungsinstruments mit dem Substrat (310, 2910,
3110) die Probeneinführungs- oder Einlasskanäle
(375, 2975) und die Entlüftungs- oder Auslasskanäle
(376, 2976) ausfüllt.

7. System nach einem der vorhergehenden Ansprü-
che, wobei die Siegelungsvorsprünge (330, 2930,
3130) in der Form von umlaufenden Scheiben (2930)
vorliegen, die entlang der Längsachse der Walze
(2920) voneinander beabstandet sind.

8. System nach Anspruch 7, wobei die Scheiben (2930)
konfiguriert sind, um die Kanäle (2975, 2976) an den
Stellen, an denen die Scheiben (2930) die Kanäle
(2975, 2976) kreuzen, zu verformen, um Flusskom-
munikationen zwischen den Kanälen (2975, 2976)
und der Probenkammer (2980) zu verhindern.

9. System nach einem der Ansprüche 1 bis 6, wobei
die Siegelungsvorsprünge (330, 2930, 3130) in der
Form von runden Stiften (3130) vorliegen, welche
um den Außenumfang der Walze (3120) herum vor-
gesehen sind.

10. System nach Anspruch 9, wobei die Stifte (3130)
konfiguriert sind, um über einer Reihe von Kammern
(3180) in einem Substrat (3110) ausgerichtet zu
sein, um die Kammern (3180) zu versiegeln.

11. System nach einem der Ansprüche 1 bis 6, wobei
die Siegelungsvorsprünge (330, 2930, 3130) in der
Form von bogenförmigen Stiften (330) vorliegen.

12. System nach einem der vorhergehenden Ansprü-
che, wobei das Siegelungsinstrument mehrere Wal-
zen (2920, 3120) umfasst, wobei die Siegelungsvor-
sprünge (330, 2930, 3130) auf einer ersten Walze
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(2920, 3120) konfiguriert sind, um die Entlüftungs-
oder Auslasskanäle (376, 2976), die von den Pro-
benkammern (380, 2980, 3180) verlaufen, zu ver-
siegeln, und die Siegelungsvorsprünge (330, 2930,
3130) auf einer zweiten Walze (2920, 3120) konfi-
guriert sind, um die Einführungs- oder Einlasskanäle
(375, 2975), die zu den Probenkammern (380, 2980,
3180) verlaufen zu versiegeln.

Revendications

1. Système de distribution d’un échantillon biologique,
le système comprenant :

un substrat (310, 2910, 3110), le substrat (310,
2910, 3110) comprenant une pluralité de cham-
bres d’échantillon (380, 2980, 3180), un canal
d’introduction ou d’admission d’échantillon
(375, 2975) pour chaque chambre d’échantillon
(380, 2980, 3180), et un canal d’évacuation ou
de sortie (376, 2976) pour chaque chambre
d’échantillon (380, 2980, 3180) ;
un réactif préchargé contenu dans chaque
chambre d’échantillon (380, 2980, 3180) et con-
çu pour une analyse d’acide nucléique d’un
échantillon biologique qui entre dans le substrat
(310, 2910, 3110) ; et
un instrument d’étanchéité conçu pour être mis
en contact avec le substrat (310, 2910, 3110)
pour étancher chaque chambre d’échantillon
(380, 2980, 3180) en déformant ou en croisant
les canaux (375, 376, 2975, 2976) de manière
à empêcher sensiblement la communication
d’écoulement entre les canaux (375, 376, 2975,
2976) et les chambres d’échantillon (380, 2980,
3180), le substrat (310, 2910, 3110) se compo-
sant de matériaux compatibles avec une détec-
tion et compatibles avec un essai, caractérisé
en ce que
l’instrument d’étanchéité comprend un rouleau
(2920, 3120) doté d’une pluralité de saillies
d’étanchéité (330, 2930, 3130) pour déformer
ou croiser les canaux (375, 376, 2975, 2976)
par déplacement relatif du rouleau (2920, 3120)
et du substrat (310, 2910, 3110).

2. Système selon la revendication 1, dans lequel l’ins-
trument d’étanchéité est conçu pour être mis en con-
tact avec une partie extérieure du substrat (310,
2910, 3110).

3. Système selon la revendication 1, dans lequel l’ins-
trument d’étanchéité est conçu pour être mis en con-
tact avec le substrat (310, 2910, 3110) par contact
par pression et/ou par contact thermique.

4. Système selon la revendication 1, dans lequel les

saillies d’étanchéité (330, 2930, 3130) sont conçues
pour étancher les canaux d’introduction ou d’admis-
sion d’échantillon (375, 2975) et les canaux d’éva-
cuation ou de sortie (376, 2976) pour chaque cham-
bre d’échantillon (380, 2980, 3180).

5. Système selon la revendication 1, dans lequel l’ins-
trument d’étanchéité est conçu pour être mis en con-
tact avec le substrat (310, 2910, 3110) avant un pro-
cessus de réaction qui a lieu dans les chambres
d’échantillon (380, 2980, 3180) et/ou pendant un
processus de réaction qui a lieu dans les chambres
d’échantillon (380, 2980, 3180).

6. Système selon la revendication 1, dans lequel le
substrat (310, 2910, 3110) comprend une couche
de film et dans lequel une partie de la couche de film
remplit les canaux d’introduction ou d’admission
d’échantillon (375, 2975) et les canaux d’évacuation
ou de sortie (376, 2976) lors du contact de l’instru-
ment d’étanchéité avec le substrat (310, 2910,
3110).

7. Système selon l’une quelconque des revendications
précédentes, dans lequel les saillies d’étanchéité
(330, 2930, 3130) prennent la forme de disques cir-
conférentiels (2930) espacés les uns des autres le
long de l’axe longitudinal du rouleau (2920).

8. Système selon la revendication 7, dans lequel les
disques (2930) sont conçus pour déformer les ca-
naux (2975, 2976) aux emplacements où les disques
(2930) croisent les canaux (2975, 2976) pour empê-
cher les communications d’écoulement entre les ca-
naux (2975, 2976) et la chambre d’échantillon
(2980).

9. Système selon l’une quelconque des revendications
1 à 6, dans lequel les saillies d’étanchéité (330, 2930,
3130) prennent la forme de broches circulaires
(3130) prévues autour de la circonférence extérieure
du rouleau (3120).

10. Système selon la revendication 9, dans lequel les
broches (3130) sont conçues pour s’aligner au-des-
sus d’une rangée de chambres (3180) dans un subs-
trat (3110) pour étancher les chambres (3180).

11. Système selon l’une quelconque des revendications
1 à 6, dans lequel les saillies d’étanchéité (330, 2930,
3130) prennent la forme de broches en arc de cercle
(330).

12. Système selon l’une quelconque des revendications
précédentes, dans lequel l’instrument d’étanchéité
comprend plusieurs rouleaux (2920, 3120), dans le-
quel les saillies d’étanchéité (330, 2930, 3130) sur
un premier rouleau (2920, 3120) sont conçues pour
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étancher les canaux d’évacuation ou de sortie (375,
2976) provenant des chambres d’échantillon (380,
2980, 3180), et les saillies d’étanchéité (330, 2930,
3130) sur un second rouleau (2920, 3120) sont con-
çues pour étancher les canaux d’introduction ou
d’admission d’échantillon (375, 2975) conduisant
aux chambres d’échantillon (380, 2980, 3180).
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