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INSTRUMENT FOR ANALYZING BIOLOGICAL SAMPLES AND REAGENTS
BACKGROUND
The present invention relates 1o an instrument lor analysing hiological samples,
5 and in particular, 10 an all-in-one instrument that is capable ol dispensing, amplifying, and
analyzing biological samples,

A biological sample and reagent mixlure can undergo amplification and analysis
to detect the presence of an analyte in the mixture. Ilistorically, biological sample and
reagent mixtures were amplilied and analyzed for research applications, including IDNA

10 sequencing, gene mapping, and 1DNA cloning, among other things. Biological sample
and reagent mixture amplification and analysis is becoming increasingly popular and
innovative uses are conslanily being discovered, including medical applications,
infectious discase applications, and forensic applications. With the increase in popularity
ol biological sample and reagent mixlure amplification and analysis comes a need lor

15 more advanced cquipment.

I'quipment that is currently available 1o prepare, amplily, and analyze a biclogical
sample and reagent mixtlure includes laboratory equipment, handheld devices, and lab-on-
a-chip devices. Handheld devices and lab-on-a-chip devices are not capable ol lesting a
large number of hiological sample and reagent mixtures at the same time, thus making

20 them unsuvitable for many applications. To amplify and analyze a large number of
hiological sample and reagent mixtures, laboralory equipment must he used, laboralory
cquipment typically involves many scparate picces of equipment, where cach picee of
equipment is used for a different purpose. l'or instance, a [irst piece of equipment can be
used to prepare the hiological sample and reagent mixiure, a second piece ol equipment

25  can be used to amplify the biological sample and reagent mixture, and a third picce of
equipment can be used (o analyse the bhiological sample and reagent mixture, ‘The
different picces of cquipment take up a lot of space in laboratorics and it can be costly to
acquire all of the equipment needed 1o prepare, amplily, and analyre the biological
sample and reagent mixture. Further, the amount of biological sample and the amount of

30 reagenl needed o analyrze the biological sample and reagent mixlure using exisling
laboratory cquipment can be expensive duc to the cost of acquiring the biological sample

and the reagent,
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SUMMARY

An instrument [or processing a biological sample includes a chassis, Connecled
o the chassis is a lape path along which a tape with a matrix ol wells can be
automatically advanced through the instrument, a dispensing assembly for dispensing the
5  biological sample and a reagent into the matrix ol wells of the tape (o [orm a hiclogical
sample and reagent mixture, a scaling assembly for scaling the biological sample and
reagenl mixture in the (ape, and an amplification and detection assembly [or delecting a

signal from the biclogical sample and reagent mixture in the matrix of wells in the tape.
An instrument for amplifying and analyzing a biological sample and a reagent
10 includes a path extending through the device lor advancing a tape conlaining a pluralily
of wells through the instrument.  Positioned along the path and downstrcam of an
entrance (o the path is a dispensing and sealing slation with a dispensing assembly
positioned adjacent to the dispensing and scaling station to dispense a biological sample
and a reagent into the plurality of wells in the tape 1o [orm a hiclogical sample and
15 reagent mixlure, and a lape sealing assembly positioned adjacent 1o the dispensing and
sealing station 10 seal the biological sample and reagent mixture in the plurality of wells
in the tape. Positioned along the path and downstream ol the dispensing and sealing
station is a holding station with a thermal unit positioned below the holding station to heat
or cool the biological sample and reagent mixture in the plurality ol wells in the lape,
20 Positioned along the path and downstream of the holding station is an amplification and
detection station with a thermal unit to amplily the biclogical sample and reagent mixlure,

and a detection unit to detect a signal from the biological sample and reagent mixture.

An instrument for amplilying and detecting a biological sample includes a plate
rack that is capabhle ol holding one or more plates; a plate stacker (o lilt a plate oul of the
25 plate rack; a plate shuttle with a platform on which the plate stacker can place the plate
from the plate rack, wherein the plate shuttle can position the platform lor aspirating or
dispensing; a plate deck on which a plate can be placed; a dispensing assembly with a
first plurality of tips and a second plurality ol lips, wherein the dispensing assembly can
dispense a hiological sample and a reagent into the plurality ol wells on the tape (o form a
30 biological sample and rcagent mixture; a path cxtending through the instrument along
which the tape is advanced through the instrument; a tape sealer that seals the plurality of
wells in the tape; a thermal unit that heats the biological sample and reagent mixture in

the plurality of wells in the tape; a heated pressure chamber thal pressurizes an area over
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the lape; and a detection device thal detects a signal from the biological sample and
reagenl mixiure in the plurality ol wells in the Lape,

An instrument lor processing a biological sample includes a (ape with a plurality
of wells, wherein the tape has a first matrix of wells and a sccond matrix of wells offset

5  [rom and interlaced with the [irst matrix ol wells, ‘The instrument also includes a lape
path extending through the instrument along which the tape with the plurality of wells can
be automatically advanced. The instrument [(urther includes a dispensing assembly for
dispensing the biological sample and a recagent into the plurality of wells of the tape,
wherein the dispensing assembly can dispense the biological sample or the reagent inlo

10 the [irst matrix of wells and reposition 1o dispense the biological sample or the reagent
into the sccond matrix of wells.

A method of analyzing a hiological sample and reagent mixture in an instrument
includes automatically advancing a tape with a matrix of wells to a first position on a tape
path in the instrument using a lape infeed and a drive mechanism positioned along the

15 lape path; automatically advancing the lape 1o a second posilion on the tape path in the
instrument using the drive mechanism posilioned along the lape path; dispensing a
biological sample into the matrix of wells in the lape with a dispensing assembly when
the tape is positioned at the sccond position of the tape path; dispensing a reagent into the
matrix ol wells in the tape with a dispensing assembly when (he lape is posilioned al the

20 sccond position of the tape path, wherein a biological sample and rcagent mixture is
[ormed; sealing a seal over the matrix ol wells in the tape with a tape sealer when the tape
is positioned at the second position; automatically advancing the tape to a third position
on the tape path in the instrument using the drive mechanism positioned along the tape
path; automaltically advancing the tape (o a fourth position on the tape path in the

25  instrument using the drive mechanism positioned along the tape path; amplitying the
biological sample and reagent mixture al the fourth position ol the tape path; and
detecting a signal lrom the biological sample and reagent mixiure using a camera
positioned above the lourth position ol the tape path,

A lape path assembly for an instrument for processing a biological sample

30 includes a tape path having a front end, a back end, a first position downstream of the
(ront end, a second position downstream of the [irst posilion, a third position downstream
of the sccond position, and a fourth position between the third position and the back end.

'The tape path assembly also includes a tape inleed attached (o the front end that
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aulomatically advances a lape with a matrix of wells Lo the [irst position of the tape path,
and a drive mechanism that advances the lape along the Lape path.

An instrument [or processing a biological sample includes a tape path along which
a tape with a matrix of wells can be automatically advanced through the instrument; a

5  dispensing system [or dispensing the bhiological sample and a reagent into the matrix of
wells of the tape to form a biological sample and rcagent mixture; a scaling system for
sealing the biological sample and reagent mixture in the 1ape; and an amplilication and
detection system for detecting a signal from the biological sample in the matrix of wells
in the Lape, wherein the amplification and detection system includes a thermal unil

10 positioned on the 1ape path that is capable ol controlling the temperature ol the biclogical
sample and reagent mixture in the matrix of wells of the tape.

An apparatus for heating a plurality of wells of a tape includes a [irst layer with
cavitics that arc capable of receiving wells of a tape, a second layer attached to a bottom
side ol the [irst layer, and a heal pump positioned on a bottom side of the second layer,

15 wherein the heal pump is positioned so thal heal can be exchanged beiween the heal
pump and a hiological sample and reagent mixture in the wells on the ape through the
second layer and the [irst layer,

An apparatus includes a tape with a matrix of wells, a thermal unit positioned
below the tape with a matrix of wells, and a chamber positioned on Lop of the tape with a

20 matrix of wells. The chamber includes a housing and a glass cover plate, wherein the
housing and the glass cover plate lorm an enclosed space above the matrix of wells of the
tape.

An instrument [or processing a biological samiple includes a tape path along which
a lape with a matrix ol wells can be aulomatically advanced through the instrument, 'The

25  instrument further includes a plate stacker with an arm that can rotate around and move
vertically on a z-axis. 'The arm is conligured Lo pick a plate oul of a plate rack and place
the plate on a plate shuttle. The instrument [urther includes a dispensing system [or
dispensing the hiological sample and a reagent into the matrix ol wells ol the tape Lo form
a hiological sample and reagent mixlure, a sealing system flor sealing the biological

30 sample and reagent mixture in the tape, and an amplification and detection system for
detecting a signal [rom the biological sample and reagent mixlure in the matrix of wells in
the tape.

A plate stacker assembly includes a plate rack that includes a plurality of nesis

attached to a frame, wherein cach of the plurality of nests has a plurality of corner
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supports Lthal are capable ol supporting a plate. 'The plate stacker assembly also includes a
plate shutile that includes a nest attached (o a support siructure, wherein the nest has a
plurality of corner supports thal are capable of supporling one plate, The plate stacker
asscmbly further includes a spatula that is capable of picking a plate off of onc of the
5 plurality ol nests in the plate stacker and placing it on the nest in the plate shuttle, wherein
the spatula has a support member that is capable of supporting a plate and notches is cach
corner of the supporl member thal correspond (o the location of the corner supports on the
nests in the plate stacker and the plate shuttle.
A method lor moving a plate in an instrument includes picking a plate ofl of a nest
10 ofa plate rack using a spatula atlached 1o an arm ol a plate stacker; rotlating the arm ol the
plate stacker around a z-axis; moving the arm of the plate stacker in a vertical direction
along the z-axis; and placing the plate on a nest of a plate shuttle,
A tape scaling assembly includes a spool helder for holding a scal web, a peel
plate located downstream ol the spool heolder, and a backer take-up mechanism
15 downsiream ol the peel plate [or advancing the seal web across the peel plate, The tape
sealing assembly also includes an applicator positioned above the peel plate [or peeling a
seal [rom a backer ol the seal web and applying the seal 1o a surface,
A dispensing assembly includes a gantry with an x-axis track and a y-axis track.
The y-axis track of the gantry is conligured Lo move along the x-axis track ol the gantry.
20 The dispensing assembly further includes a dispensing head attached to the y-axis track of
the gantry below the y-axis track of the gantry. 'The dispensing head includes a conlact
dispensing unit and a non-contact dispensing unit with a jet tip for dispensing a liquid.
The dispensing asscmbly [urther includes a dispensing enclosure attached o the y-axis
track of the gantry on top of the y-axis track of the gantry, 'The dispensing enclosure
25  includes a pressure reservoir. A tube connects the jet tip of the non-contact dispensing
unit 1o the pressure reservoir ol the dispensing enclosure, The contact dispensing unit is
atlached to the y-axis track of the gantry with a [irst z-axis track, and the non-conlact
dispensing unil is allached (o the contact dispensing unit with a second r-axis (rack,
A method of operaling a dispensing assembly includes moving a dispensing head
30 along an x-axis track and a y-axis track of a gantry into a first aspiration position,
aspirating a first liquid with a pipetlle tp of a contact dispensing unit of the dispensing
head, moving the dispensing head along the x-axis track and the y-axis track of the gantry
into a second aspiration position, aspirating a second liquid with a jet tip ol a non-contact

dispensing unit of the dispensing head, moving the dispensing head along the x-axis track
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and the y-axis track of the ganiry inlo a [irst dispensing position, dispensing the first
liquid into a well of a tape with a matrix of wells with the pipetle tip of the conlact
dispensing unil, moving the dispensing head along the x-axis track and the y-axis track of
the gantry into a second dispensing position, and dispensing the second liguid into a well
5  of the tape with a matrix ol wells with the jel tip of the non-contact dispensing unit. ‘The
contact dispensing unit of the dispensing head extends and retracts along a first z-axis
track connecied (o the y-axis track ol the gantry, and the non-contact dispensing unit of
the dispensing head extends and retracts along a sccond z-axis track connected to the
contact dispensing unil,
10 BRI DESCRIPTION OI''THI DRAWINGS
OVERALL INSTRUMENT
I'lG. TA is an isometric view of a carl Lop instrument [or amplifying and analyzing
a biological sample and reagent mixture.
I'lG. 1B is a side view of the instrument seen in I'lG. TA,
15 I'IG. 1C is a lop plan view ol the instrument seen in I'1G. 1A,
I'IG. 11D is an exploded view of the instrument seen in I'1G. 1A,
I'IG. 111 is a [ront isometric view of a lape path assembly that runs through the
instrument seen in FIG. 1A,
I'IG. 11" is a back perspeclive view of the lape path assembly as seen in 'l G, 114,
20 FIG. 2A is an isometric view of the instrument.
I'IGS. 2B-21) are perspective views ol the instrument.
FIGS. 2E-2F arc back perspective views of the tape path asscmbly that runs
through the instrunient.
I'lG. 3A is a top plan view of a thermal management system in the instrument,
25 FIG. 3B is a perspective view of the thermal management system seen in FIG. 3A.
I'lG. 3C is a schemaltic view ol the thermal management system seen in I'I(GS. 3A
and 3B,
I'lG. 4A is a top plan view of a tape with a plurality of wells.
I'lG. 4B is a schemaltic view ol the Lape seen in I'lIG. 4A with a [irst plurality of
30 wells and a second plurality of wells.
PLATE STACKER ASSEMBLY
FIG. 5A is an isometric view of a plate stacker asscmbly in the instrument.
I'lG. 5B is a lop cul away view ol the plate stacker assembly in the instrument,

FIG. 5C is an isometric view of the plate stacker assembly.
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I'IG. 6A is an isometric view of a plate rack.
I'IGG. 6B is a Lop plan view of a nest of the plate rack.
I'IG. 7A is a perspeclive view ol a plate stacker.
FIG. 7B is a perspective view of a portion of the plate stacker and a portion of the
5  plate rack.
7C is an isometric view of a portion of the plate stacker seen in FIG. 7A.
I'IG. 8A is an isomelric view of a plate shutle,
FIG. 8B is an isometric view of a plate shuttle in the instrument.
I'IG. 9A is an isometric view of the plate rack and the plate stacker when a spatula
10 isin a home position.
FIG. 9B is an isometric view of the plate rack and the plate stacker when the
spatula has been moved [rom the home position,
FIG. 9C is an isometric view of the plate rack and the plate stacker when the
spatula is positioned to pick a plate,
15 IIG. 913 is a perspeclive view ol the plate stacker and the plate shuttle when the
spatula has placed the plate in a nest ol the plate shuttle,
DECK PLATE ASSEMBLY
FIG. 10 is an isometric view of a deck plate assembly in the instrument.
I'IG, 11A is a partially transparent isomelric view ol a deck plate station ol the
20 deck plate assembly.
FIGS. T1B-1112 are perspective views of the deck plate station seen in lG. 11A,
FIGS. 12A and 12B arc partially transparcnt perspective views of the deck plate
station.
I'1G. 13 is a partially (ransparent perspeclive view [rom underneath the deck plate
25  station.
I'IG. 14 15 a bottom view of the deck plate station.
I'1G. 15 is a partially transparent side view ol the deck plate station.
I'1G. 16 is a side view of the deck plate stalion within the instrument.
TAPE PATH ASSEMBLY
30 FIG. 17A is an isometric view of a tape path assembly in the instrument.
I'1G, 178 is a [ront isometric view of the tape path assembly.
FIG. 18A is a front isometric view of the tape path assembly with a tape infeed in

a retracted position,
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IFIG, 18B is a front isometric view ol the tape path assembly seen in 1'IG. 19A
wilh the Lape infeed in an extended position.

IIG., 19A is a back perspective view ol the tape path assembly with a drive
mechanism.

I'IG. 19B is a back isometric view ol the drive mechanism.

FIG. 19C is a perspective view of a roller on the tape path assembly.

I'1G. 20A is a [ront plan view ol a tape inleed on the tape path assembly.,

FIG. 20B is a front isometric view of the tape infeed on the tape path assembly.

I'1G. 21 A is a back perspeclive view ol a Lape culler on the Lape path assembly.

IIG, 21B is a plan view of a front side ol the tape culter having the blade in a
retracted position.

IIG, 21C is a plan view of a [ronl side of the tape cutler having the blade in an
extended position.

I'IG. 211D is a plan view at an entrance of the tape path assembly with the tape
cutter having the hlade in a retracted position,

I'IG. 211 is a partially transparent plan view al an enlrance ol the tape path
assembly with the tape culler having the blade in an extended position,

FIG. 22 A is a partially transparcnt front perspective view of a lift mechanism.

I'I(G. 22B is a plan view ol the 1ilt mechanism.,

FIG. 23A is a front plan view of the lift mechanism on the tape path assembly in a
retracted position,

FIG. 23B is a front plan view of the litt mechanism on the tape path assembly in
an cxtended position.

I'1G. 24 is a [ront perspective view of thermal units on the Lape path assembly.

FIG. 25 is a bottom view of fluid paths on the tape path assembly.

I'1G. 26A is a partially transparent side view ol a retractable hold down.

I'1G. 268 is a back perspeclive view of the relractable hold down on the tape path
assembly with (he retraclable hold down in a retracted position,

I'lG. 26C is a back perspeclive view of the retraclable hold down on the Lape path
assembly with the retractable hold down in an extended position.

I'lG. 27 is a perspeclive view of a rewind assembly hal can accumulate processed
tape leaving the tape path assembly.
DISPENSING ASSEMBLY

FIG. 28 is an isometric view of a dispensing asscmbly in the instrument.
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I'1G, 29 is a schemaltic diagram ol the dispensing assembly seen in I'lG. 28,

I'1G. 30 is a perspeclive view of the y-axis gantry of the dispensing assembly seen
in I'lG. 28.

FIGS. 31A-31B are isometric views of the dispensing head of the dispensing

5  assembly seen in 11, 28,

FIG. 31C is a partially transparent perspective view of two z-axes of the
dispensing head seen in I'lGS, 31A-31R,

FIG. 32A is a transparcent isomctric view of the dispensing enclosure of the
dispensing assembly seen in I'lG, 28,

10 I'IG, 32B is a transparent perspecltive view of the dispensing enclosure of the
dispensing assembly scen in FIG. 28.

I'1G, 33 is a schemaltic diagram ol non-contact dispensing components ol the
dispensing enclosure and the dispensing head seen in FIGS. 31A-31C and 32A-32B.
TAPE SEALING ASSEMBLY

15 I'1G. 34A is an isometric view ol a lape sealing assembly in the instrument,

I'1G. 348 is a perspective view of a seal weh,

I'1G. 35 is a perspeclive view ol the Lape sealing assembly posilioned adjacent 1o a
tape path asscmbly.

I'IG. 36A is a top view ol the Lape sealing assembly within the instrument.

20 FIGS. 36B-36C arc perspective views of the tape scaling assembly.

I'IG, 37A is an isometric view ol a portion of the lape sealing assembly.

FIG. 37B is a side view of the tape scaling assembly with a scal web threading
path.

I'IG. 38A is a perspeclive view of a backer Lake-up mechanism of the lape sealing

25  asscmbly.

1'G. 38B is a side view ol the backer taker-up mechanism in IIG. 38A with
friction roller in a closed position

1'1G. 38C is a side view ol the backer taker-up mechanism in IIG. 38A with
friction roller in an open position

30 FIG. 39A is a cross-sectional view of a locking mechanism of the tape scaling
assembly in an unlocked position,

FIG. 39B is a cross-scctional view of a locking mechanism of the tape scaling

assembly in a locked position,
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I'1G, 40 is a partially (ransparent perspective view ol an applicalor of the Lape
sealing assembly,
I'1G, 41 is a bottom view of a pad ol the applicator.,

FIGS. 42A-43B arc partially transparent perspective views of a portion of the tape

A

sealing assembly removing a seal [rom a backer of the seal web,
FIGS. 43A-43B arc side views of the tape scaling assembly applying a scal to a
lape on the Lape path assembly,
THERMAL UNIT AND HEATED PRESSURE CHAMBER
I'lG. 44 is an isometric view ol a tape path assembly that runs through an
10 instrument
FIG. 45A is a perspective view of a thermal unit and a heated pressure chamber,
with the healed pressure chamber in a closed position,
FIG. 45B is a perspective view of a thermal unit and a heated pressure chamber,
wilh the heated pressure chamber in a closed position,
15 FIG, 45C is an exploded view ol the thermal unit and the heated pressure
chamber.
I'1G. 4513 is an exploded view of thermal unil,
FIG. 45E is an exploded view of the heated pressure chamber.
I'1G. 46A is a perspectlive view of the thermal unit.
20 FIG. 46B is a perspective view of the bottom of the thermal unit.
I'IG. 46C is a top view of the thermal unit.
FIG. 46D is an isometric view of an array of tape on the thermal unit.
1'1G. 47 A is a cross-sectional side view of the thermal unil.
I'1G. 478 is a cut-away cross-sectional side view of the thermal unit.
25 FIG. 47C is a schematic view of a cross-section of the thermal unit.
I'1G. 48 is a lop plan see-through view ol a top side of the thermal unit.
I'l1GG, 49 is a boitom plan see-through view of the thermal unil,
I'1G. 50 is a cross-sectional view of the heated pressure chamber and thermal unit
I'1G, 51 is an isometric view ol the healed pressure chamber.
30 FIG. 52 is a top view of the heated pressure chamber.
ALTERNATIVE EMBODIMENTS OF THE OVERALL INSTRUMENT
FIG. 53A is a schematic view of an alternative embediment of the instrument seen

in IGS. TA-52,

10
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I'IG. 53B is a schemaltic view ol an allernative embodiment ol the instrument seen
in IGS. TA-52,
DETAILLD DESCRIPTION

In general, the present disclosure relates to an instrument for analyzing biological
5  sample and reagent mixtures. 'The instrument is an all-in-one instrument that is capable
of dispensing, amplifyving, and analyzing biological samples and reagents in a compact
design. A tlape containing a plurality of wells is automaltically advanced through the
instrument along a tape path assembly. The tape path assembly includes a first position, a
second position, a third position, and a [ourth position, At the [irst position, the tape can
10 be cul so that a tape segment with a single array ol wells proceeds through the instrument,
Alternatively, the tape can advance through the first position to the sccond position
without being cut. liurther, the tape can advance without being cutl until any number of
arrays of wells have passed through the first position and the tape can then be cut. At the
second position, a biological sample and a reagent are dispensed inlo the plurality of
15 wells in the tape with a dispensing assembly (o lorm a biological sample and reagent
mixture, Afler the hiological sample and (he reagent are dispensed into the Lape, a lape
sealing assembly seals the lape with a seal, such as an optically clear cover seal. The tape
then advances to the third position. At the third position, the tape containing the
hiological sample and reagent mixture can either be cooled Lo prevent the hiological
20 sample and reagent mixture from undergoing a chemical reaction or heated to incubate
the biological sample and reagent mixture, ‘The tape will then advance to the lourth
position. At the fourth position, the biological sample and reagent mixture in the plurality
of wells in the tape can be amiplificd and analyzed with a detection assembly. ‘The all-in-
one instrument is capable ol amplilying nucleic acids in the biclogical sample and reagent
25  mixture by thermal cyeling the biological sample and reagent mixture (polymerase chain
reaction) or by heating the biological sample and reagent mixture at a consiant
temperature (isothermal amplification), As the tape advances (hrough the system, the
second position, the third position, and the fourth position can [unclion at the same Lime
o allow the instrument o continuously dispense, amplily, and analyze the biclogical

30 sample and reagent mixture in the tape.
The all-in-one instrument is advantageous, as it performs all ol the [unctions
needed to dispense, amplify, and analyze a biological sample and reagent mixture without
the need [or human intervention. A user can simply select paramelters [or the instrument

and position a biological sample and a rcagent in the instrument. The instrument can then

1
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aspirale the biological sample and (he reagent, automalically advance tape through the
instrument, dispense the biological sample and the reagent inlo the tape, and amplily and

analyze the biological sample and reagent mixlure in the tape, The instrument is [urther

N

[or perlorming the [unctions of the instrument on a single chassis, lurther, the [unctions
provided in the instrument allow the instrument to be used for large scale testing with
high-throughput or small scale tesiing with low-throughput. ‘The compact design,
cfficicncy, and versatility of the instrument allow the instrument to be used in a large
variety of seltings and lor a large number ol dilTerent applications.
100 OVERALL INSTRUMENT
FIG. 1A is an isometric view of instrument 100 mounted on cart asscmbly 101.
I'IG. 1B is a side view ol instrument 100 on cart assembly 101 seen in I'lG. 1A, I'IG. 1C
is a top plan view of instrument 100, FIGL 1D is an exploded view of instrument 100
I'IG. 111 is a [ronl isometric view of lape path assembly 118 that runs through instrument
15 100, IG. 117 is a back perspective view ol tape path assembly 118 as seen in I'IG. 112,
Instrument 100 is mounted on carl assembly 101 and includes chassis 102, enclosure 103
(removed lor clarity in subsequent figures), tape 104 (as shown in I'IGS. 11i-11), seal 106
(as shown in FIGS. 1E-1F), plate stacker assembly 110, deck plate assembly 112,
dispensing assembly 114, wash assembly 116, tape path assembly 118, tape sealing
20 assembly 120, detection assembly 122 (as shown in FIGS. 1C-1D), and electronic
assembly 124, linclosure 103 provides a controlled environment [or a reaclion (o lake
place in instrument 100. Enclosure 103 includes intake filters, an exhaust filter, and an
cxhaust blower in order o control air qualily within instrument 100).
Also mounted on cart assembly 101 is rewind assembly 108, Rewind assembly
25 108 is aligned with tape path assembly 118, Cart assembly 101 includes a bleach
reservoir, a wasle ank with an exhaust lilter and an activaled carbon [iller [or wash
assembly 116, Carl assembly 101 also includes two water tanks [or providing sysiem
(luid e dispensing assembly 114 and wash assembly 116, As shown in VIGS. TH-11",
tape path assembly 118 includes [irst position 130, second position 132, third position
30 134, and fourth position 136.
Instrument 100 can be used o dispense, amplily, and analyrze a biclogical sample
and rcagent mixture. Instrument 100 includes a plurality of asscmblics that are all
positioned on chassis 102, T'ape 104 is advanced through instrument 100. Tape 104 has a

plurality of wells that can receive a biological sample and a reagent for amplification and
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analysis. The plurality of wells on tape 104 are arranged in arrays, so that each array is
spaced aparl [rom adjacent arrays, In the embodiment shown, tape 104 is a white and
opaque tape. In allernate embodiments, tape 104 can be black, white, or gray and

transparent, scmi-transparent, or opaque. Tape 104 can be made of a plastic material such

N

as polypropylene or another suitable material such as metal [oil,

As tape 104 advances through instrument 100, the plurality of assemblics in
instrument 100 will interact with tape 104. 'The assemblies that are included on
instrument 100 are plate stacker assembly 110, deck plate assembly 112, dispensing
assembly 114, wash assembly 116, tape path assembly 118, tape sealing assembly 120,
10 detection assembly 122, and electronic assembly 124, The plurality of assemblies are

positioned on chassis 102 of instrument 100 to minimize the size of chassis 102 and

instrument 100, Minimizing the size of chassis 102, and thus instrument 100, allows
instrument 100 to have a compact design.

llach assembly in instrument 100 performs a funclion related (o dispensing,

15 amplilying, and/or analyzing a biological sample and reagent mixture so thal instrument

100 can operale as an all-in-one assembly, [Plate stacker assembly 110 is capable of

receiving and moving plales containing a biological sample andfor a reagent in instrument

100, Deck plate assembly 112 is capable of receiving plates containing a biological

sample and/or a reagenl. Dispensing assembly 114 can aspirate a biological sample
20 and/or a reagent from a plate in plate stacker assembly 110 and dispense the biological
sample and/or the reagent into tape 104 in instrument 100, Dispensing assembly 114 can
also aspirate a biological sample and/or a reagent trom a plate in deck plate assembly 112
and dispense the biological sample and/or the reagent into tape 104 in instrument 100.
l'urther, dispensing assembly 114 can aspirate a hiological sample and/or reagent from
25  any of a plate in plate stacker assembly 110, a plate in deck plate assembly 112, or tape
104, and can dispense the biclogical sample and/or reagent into a plate in plate siacker
assembly 110, a plate in deck plate assembly 112, or tape 104, Wash assembly 116 is
used to clean dispensing assembly 114 belore and/or aller dispensing assembly 114 is
used Lo dispense the biological sample and the reagent into tape 104,
30 Tape 104 advances along tape path assembly 118 through instrument 100, Tape
path assembly 118 extends through instrument 100 and provides a path along which tape
104 can advance. Tape path assembly 118 includes first position 130), second position
132, third position 134, and lourth position 136, Dillerent [unctlions are completed at

cach position along tape path assecmbly 118, At first position 130, tape 104 can be cut to
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singulate tape 104 into a tape segment with a single array ol wells. Allernatively, Lape
104 can advance as a web through [irst position 130 without being cul, or Ltape 104 can be
cul alter any number of arrays ol wells have passed through [irst position 130. AL second
position 132, dispensing assembly 114 dispenses the biological sample and the reagent
5 into tape 104 (o form a biological sample and reagent mixture. lurther, lape sealing
assembly 120 is positioned adjacent sccond position 132 of tape path assembly 118 and
seals an array on lape 104 with seal 106 aller the biclogical sample and the reagent are
dispensed into tape 104, Thermal management of tape 104 can oceur at second position
132, lor example, tape 104 can be cooled al second position 132 10 prevent the
10 biclogical sample and reagent mixture [rom undergeing a chemical reaclion, or tape 104
can be heated at sccond position 132 to incubate the biological sample and rcagent
mixture, ‘Thermal management ol tape 104 can occur at third position 134 as well. At
third position 134, tape 104 can again be cooled to prevent the biological sample and
reagenl mixlure [rom undergoing a chemical reaction or heated Lo incubale the hiclogical
15 sample and reagent mixture, T'ape 104 waits in third position 134 untl instrument 100 is
prepared (o amplily and analyre the biological sample and reagent mixlure in lape 104,
AL lourth position 136, 1ape 104 can be amplilied and analyzed using detection assembly
122 that is positioned adjacent fourth position 136 of tape path asscmbly 118, Detection
assembly 122 can heal the hiological sample and reagent mixture in tape 104 and [urther
20 includes a camera that can be used to analyze the biological sample and reagent mixture
in tape 104, lilectronic assembly 124 is included in instrument 100 10 power instrument

100 and control the other assemblies in instrument 100,
Instrument 100 is advantageous l[or a number ol reasons. lirst, cach ol the
plurality ol assemblies are positioned on a single chassis 102, 'This allows instrument 100
25  to have a compact design, thus making instrument 100 suitable for use in a variety of
dilferent settings. Second, instrument 100 is an all-in-one sysiem thal is capable of
performing each step necessary 1o dispense, amplily, and analyze a biological sample and
reagent mixlure that is 1o be tested in instrument 100. This allows instrument 100 1o be
used without the need for additional equipment to perlorm different [unctions [or
30 dispensing, amplifying, and analyzing the biological sample and reagent mixture. Third,
instrument 100 can be used lor large scale or small scale testing, Instrument 100 includes
all of the components necessary to test a large number of biological samples or a small
number of hiological samples. This versalility allows instrument 100 (o be used in a wide

range of settings and for a large number of different applications.
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I'IG, 2A is an isomeiric view of instrument 100, 1'IGS, 2B-21) are perspeclive
views ol instrument 100, I'IGS, 21-217 are back perspective views ol (ape path assembly
118 in instrument 100, Instrument 100 includes chassis 102, 1ape 104, seal 106, plate
stacker assembly 110, deck plate assembly 112, dispensing assembly 114, wash asscmbly
5 116, tape path assembly 118, lape sealing assembly 120, detection assembly 122, and
clectronic assembly 124, Tape path assembly 118 includes first position 130, sccond
position 132, third position 134, and lourth position 136,
Plate stacker assembly 110 includes plate rack 140, plate stacker 142, and plate
shuttle 144, In the embodiment shown in I'IGS, 2A-21), plate stacker assembly 110 is
10 used to receive, hold, and move plates containing a biological sample. In alternate
cmbodiments, plate stacker assembly 110 could alse be used to receive, hold, and move
plates contlaining a reagent. [late rack 140 is a chute or hotel that can receive and hold a
plurality of plates. Plate rack 140 is attached to chassis 102 of instrument 100 and can be
moved in and out of instrument 100 using any suitable mechanism, including having a
15 user pull plate rack 140 out of instrument 100, 1"ate stacker 142 includes an arm with a
spatula that can move up and down and rolate on a support structure. The spatula of plate
stacker 142 can lifl plates out ol plate rack 140 and move them in instrument 100, late
shuttle 144 includes a nest portion that can move horizontally along a support structure.
Plates [rom plate rack 140 can be moved by plate stacker 142 (o the nest portion ol plate
20 shuttle 144. When a plate is positioned on the nest portion of plate shuttle 144, the nest
portion can move through instrument 100 1o be positioned [or aspiration or dispensing.
Plates containing a biological sample and/or a reagent can be placed in plate
stacker asscmibly 110 in two ways. lirst, plate rack 140 can be pulled out of instrument
100 and plates can be positioned on plate rack 140, Second, the nest portion of plate
25  shuttle 144 can cxtend out of instrument 100, as scen in FIGS. 2B and 2D, A plate can
then be positioned on the nest portion of plate shutile 144 and the nest portion can then
move back into instrument 100, In alternate embodiments, plate stacker assembly 110
can [urther receive a tip tray holder conlaining lips for dispensing assembly 114, a matrix
rack that holds a plurality of matrix tubes, a well trough, or any other container that is
30 capable of containing a biological sample and/or a rcagent.
Deck plate assembly 112 includes deck plate station 130, deck plaie siation 152,
and deck plate station 154. In the embodiment shown in FIGS. 2A-2F, deck plate
assembly 112 is used (o receive and hold plates containing a reagent. In alternate

cmbodiments, deck plate assembly 112 can be used te receive and hold plates containing
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a bhiological sample. llach ol deck plate station 150, deck plate station 152, and deck
plate station 154 can receive and hold a plate. 1Yeck plate siation 150, deck plate siation
152, and deck plate station 154 each [urther include a hold down to hold the plale in
place. Plates are positioned on deck plate station 150, deck plate station 152, and deck

5 plate station 154 by lifting up the held down, positioning the plate, and then lowering the
hold down te secure the plate in place. In alternate embodiments, deck plate station 150,
deck plate station 152, and deck plate siation 154 can further receive a malrix rack that
holds a plurality of matrix tubes, a well trough, or any other container that is capable of
containing a biological sample and/or a reagent,

10 Dispensing assembly 114 includes sample dispenser 160 and reagent dispenser
162. Sample dispenser 160 and reagent dispenser 162 both include one or more tips that
can be used (o aspirale and dispense biological samples and reagents., In alternate
cmbodiments, the tips could be pin tools that can be used to transter the biological sample
and/or the reagent. Reagent dispenser 162 is positioned on a side of sample dispenser

15 160. Sample dispenser 160 and reagent dispenser 162 move together in an x direction
and a y direction on a gantry on a lop end of instrument 100, In the embodiment shown,
when sanmiple dispenser 160 moves in a » directlion, reagent dispenser 162 will move with
sample dispenser 16(). Reagent dispenser 162 can further move in a z direction relative to
sample dispenser 160. In the embodiment shown in VIGS. 2A-21°, sample dispenser 160

20 is used to aspirate a biological sample from a plate in plate shuttle 144 and then dispense
the biological sample inlo tape 104, Reagent dispenser 162 is used 10 aspirale a reagent
from a plate in deck plate assembly 112 and then dispense the reagent into tape 104, In
allernale cmbodiments, sanmple dispenser 160 can aspirate and dispense the reagent and
reagent dispenser 162 can aspirate and dispense the biological sample,

25 Wash asscmbly 116 includes sample dispenser wash 170 and reagent dispenser
wash 172, Sample dispenser wash 170 can be used 1o wash the lips on sample dispenser
160, Sample dispenser wash 170 is a vacuum based system thal can use a cleaning
solution and/or walter with air low 1o evacuale any residual biological sample or reagent
from the tlips (o decontaminate them so they can be reused. An example of sample

30 dispenser wash 170 is disclosed in published PCT application WO 2014/179584, which is
hereby incorporaled by reference in its entlirely, Reagent dispenser wash 172 is used 1o
wash the tips on reagent dispenser 162, Reagent dispenser wash 172 uses water and air

(low to clean the lips.
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As shown in I'IGS, 211 and 217, 1ape path assembly 118 includes [irst position 130,
second position 132, third pesition 134, and lourth position 136, Tape path assembly 118
also includes tape infeed 180, tape culler 182, retraclable hold down 184, actualing
mechanism 186, thermal unit 188, and thermal unit 190, Tape infeed 180 is positioned
5 mneara [irst end of tape path assembly 118 upsiream of [irst position 130. Tape inleed 180
includes a retractable spool that can hold a cartridge of tape 104, Tape infeed 180 is
positioned near the [irst end ol ape path assembly 118 so that tape 104 can be [ed into
tape path assembly 118, Tape 104 that is fed into tape path assembly 118 can then
advance 1o [first position 130, Positioned adjacent [irst position 130 is tape culler 182,
10 'T'ape cutter 182 includes a blade that can be acluated upward 1o cut tape 104 il desired,
Tape 104 can also advance along tape path assembly 118 without being cut by tape cutter
182.

Tape 104 advances from first position 13() to sccond position 132 along tape path
assembly 118, In second position 132, the biological sample and the reagenl are
15 dispensed inlo tape 104 with dispensing assembly 114 1o lorm a bhiological sample and
reagent mixiure, T'o hold tape 104 [lat during dispensing, retraciable hold down 184 is
positioned adjacent second position 132 (and on top ol third position 134). Retraclable
hold down 184 includes a retractable bar that can be automatically actuated to hold tape
104 flat. Positioned beneath second position 132 is thermal unit 188. Thermal unit 188
20 includes one or more thermoclectric modules (TEMs) that can be used to cither cool or
heal the biological sample and reagent mixture in lape 104, 1Positioned adjacent second
position 132 is tape scaling assembly 120, An array on tape 104 can be scaled with scal
106 using (ape scaling asscmbly 120 when that array is positioned in second position 132,
Aller dispensing and sealing, tape 104 advances (o third position 134, Positioned
25 above third position 134 is retractable hold down 184 to hold tape 104 flat when tape 104
is in second position 132, Positioned beneath third position 134 is thermal unit 190,
Thermal unit 190 includes one or more T1:Ms that can be vused (o either cool or heal the
biological sample and reagent mixture in tape 104, Tape 104 can wail at third position
134 until instrument 100 is prepared 1o amplily and analyze the biological sample and

30 reagent mixture in tape 104,
When instrument 100 is prepared o amiplily and analyze the biological sample
and rcagent mixture, tape 104 can advance to fourth position 136, Positioned beneath
(ourth position 136 is thermal unit 210 1o heat the biclogical sample and reagenl mixtlure

in tape 104, Positioned above fourth position 136 is heated pressure chamber 212 to
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pressurize an area above lape 104 1o push down on and keep seal 106 on tape 104, 'The
biological sample and reagent mixture in tape 104 is amplified using thermal unit 210 in
fourth position 136, Dlither aller or during amplification, the biological sample and

reagent mixture can be analyzed using camera 214, Tleated pressure chamber 212 further

A

heats the biological sample and reagent mixiure and prevenls condensation on seal 106 on
tape 104 to cnsure accurate analysis with camera 214.

Tape 104 advances along lape path assembly 118 through instrument 100 with
actuating mechanism 186, Actuating mechanism 186 is a belt that drives tape 104 with
frictional engagement in the embodiment shown in IIGS. 2A-21  In alternate
10 embodiments, actuating mechanism 186 can drive tape 104 with any suitable mechanism.

Tape 104 advances through instrument 100 along tape path assembly 118 until tape 104

exits instrument 100 at a second end of 1ape path assembly 118,
As shown in FIGS. 2A, 2C, and 2D, tape sealing assembly 120 includes spool 200
and applicalor 202, "T'ape sealing assembly 120 is capable ol movement in both the x and
15y directions in relation 1o instrument 100. Spool 200 can hold a web ol seals 106 that can
be used Lo seal tape 104 in instrument 100, Seals 106 are cover seals thal can be applied
1o tape 104 1o contain the hiological sample and reagent mixture in tape 104 and prevent
cvaporation and contamination of the biological sample and reagent mixture in tape 104,
Seals 106 that are held on spool 200 are routed through Lape sealing assembly 120 so that
20 applicator 202 can capture scal 106 as seal 106 is removed from the backing seal 106 is
held on. Applicator 202 can then apply seal 106 1o an array of lape 104, Tape sealing
assembly 120 is positioned adjacent sccond position 132 of tape path assembly 118 so

that tape 104 can be scaled with scal 106 at second position 132.
Detection assembly 122 includes thermal unit 210, heated pressure chamber 212,
25  and camera 214, Detection assembly 122 is positioned at fourth position 136 to amplity
and analyve the hiological samiple and reagent mixiure in lape 104, Thermal unit 210 is
positioned underneath lourth position 136 and includes one or more 'I'li{Ms that can be
used 1o hold the biological samiple and reagent mixlure al a conslant lemperatlure or cycle
the biological sample and reagent mixture through mwuliiple temperatures, Healed
30 pressure chamber 212 is positioned above and around fourth position 136. Ilcated
pressure chamber 212 seals, pressurizes, and heats the area above lourth position 136 so
that the biological sample and rcagent mixture in tape 104 can be analyzed. Ileated
pressure chamber 212 also prevents condensation on seal 106 so that camera 214 can

properly detect a signal from the biological sample and reagent mixture in tape 104.
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Detection assembly 122 includes excitation light emilling diodes lor illuminaling
the biological sample and reagent mixlure in lape 104 to excile a dye or probe in the

biological sample and reagent mixture, The dye or probe emits a signal, such as

5  desired wavelength, Camera 214 is positioned above [ourth position 136 and heated
pressure chamber 212 and can detect the signal emitted from the biological sample and
reagent mixture in tape 104, Camera 214 is a CCD camera in the embodiment shown, but
can be any suitable camera or other detection device in alternate embodiments.

As shown in I'IGS 2A-2D), electronic assembly 124 includes illumination strips

10 216, power supply 220, printed circuil boards 222, industrial ’C 224, and display 226.

Ilumination strips 216 line chassis 102 and provide additional lighting during operation

of instrument 100, In the embodiment shown, illumination sirips 216 are light emitling

diodes. In an alternate cmbodiment, illumination strips 216 can include an ultra violet

light source Lo aid in decontamination ol instrument 100, Power supply 220 powers

15 instrument 100 and each of the pluralily of assemblies positioned in instrument 100.

Printed circuil boards 222 include electronic components thal are used 1o control the

operation of instrument 100. Printed circuil boards 222 are posilioned in a back portion

of instrument 100 and are further located throughout instrument 100 to control cach of the

plurality of assemblies in instrument 100, Industrial IC 224 is also positioned in a back

20 portion of instrument 100 and further controls the operation of instrument 100, Industrial

PC 224 can communicate with printed circuit boards 222 throughout instrument 100 10

exceute the functions of instrument 100, Display 226 is positioned on a first side of

instrument 100 and is a touchscreen display that a user can use o control (esting in

instrument 100, Display 226 can also display data that is collected in instrument 100

25  during operation. Display 226 can be attached to a multidirectional arm so that a user can

move display 226 (o a position suilable [or them, Instrument 100 lurther includes an

analylics system to gather and analyre data thal is collected during analysis of the
biological sample and reagent mixiure,

Instrument 100 is advantageous over prior art devices, as instrument 100 can test a

30 large sample set or a small sample set. This versatility allows instrument 100 to be used

in a variety ol setlings. 'The all-in-one [unction and compact design [urther allows

instrument 100 to be used in a variety of different scttings and for a wide range of

dillerent applications, Instrument 100 can amplily and analyze a biological sample and

reagent mixture according to polymerase chain reaction (PCR) steps. This includes real-
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time PCR, end-point PCR, and other suilable PCR variations, Real-lime PCR (or
quantitative PCR) includes thermal cycling and amplilying the biological sample and
reagent mixture and detecting a signal rom the biological sample and reagent mixiure at

the same time. End-point PCR includes detecting a signal from the biological sample and

N

reagent mixture after it has been amplified. 'The biological sample and reagent mixture

can be amplificd according to any suitable process with end-point PCR.  Further, the

biological sample and reagent mixture can be dispensed and sealed in tape 104 in
instrument 100, removed from instrument 100 to underge amplification using an ¢xternal
device, and then inserted bhack into instrument 100 for end-point detection with

10 instrument 100. Instrument 100 can also amplily and analyze a biological sample and
reagent mixture using isothermal amplification.  Isothermal amplification includes
amplilying the biological sample and reagenl mixture al a constanl lemperalure,
Instrument 100 can also be used tor other PCR processes or for any process that detects a
signal from a biological sample and reagenl mixlure using a camera,

15 I'lG. 3A is a lop plan view ol thermal management system 240 in instrument 100,
I'IG. 3B is a perspective view ol thermal management system 240, 11G, 3C is a
schematic view ol thermal management system 240, Instrument 100 includes deck plate
assecmbly 112 (including deck plate station 150, deck plate station 152, and deck plate
station 154) and tape path assembly 118 (including second position 132, third position

20 134, and fourth position 136). Thermal management system 240 includes reservoir 242,
(luid pump 243, radialor 244, coeling fan 243, (luid path 246, Tuid path 248, (Tuid path
250, fluid path 252, fluid path 254, fluid path 256, and fluid path 258.

Thermal management system 240 runs through instrument 100 1o provide a heat
exchange [luid to thermal units that are positioned in instrument 100, ‘Thermal

25  management system 240 is a closed-loop fluidic thermal management system. Fluid that
is nol being used 1o exchange heal can be stored in reservoir 242, 1uid that is being used
o exchange heat can [low through radiator 244 so that the temperature of the [luid can be
controlled. Cooling an 245 aids in controlling the temperature of the [Tuid by blowing
cooling air across radiator 244 in order 10 remove heal [rom [luid Mowing through

3 radiator 244, TFluid trom radiator 244 can then flow through a plurality of fluid paths in

instrument 100,

Fluid path 246 and tluid path 248 arc both positioned bencath fourth position 136
of tape path assembly 118, 171uid path 246 runs on a [irst side ol fourth position 136 and

fluid path 248 runs on a sccond side of fourth position 136. Fluid path 250 is positioned
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beneath third position 134 ol iape path assembly 118, 1iluid path 252 is positioned
beneath second position 132 ol tape path assembly 118, 1luid path 254 is positioned
beneath deck plate station 154 of deck plate assembly 112, 1'luid path 256 is positioned
beneath deck plate station 152 of deck plate assembly 112, Fluid path 238 is positioned
5  beneath deck plate station 150 ol deck plate assembly 112, 1luid paths 246-258 all
include a cavity that curves back and forth through a block so that fluid can flow through

the cavily and exchange heal with components that are positioned above he cavily.
When heat exchange is needed, tluid pump 243 pumps fluid trom reservoir 242 to
radiator 244, Radiator 244 and cooling [an 245 can adjust the temperature of the [luid lor

10 use in instrument 100, Aflier the temperature of the fluid is regulated, the [luid [lows
through instrument 100 along two scparate paths. The first path is through fluid path 246
and 248, Muid path 250, Muid path 252, and back 1o reservoir 242, The second path is
through fluid path 254, fluid path 256, fluid path 258, and back to reservoir 242, The
Muid that ows [rom radiator 244 1o [uid paths 246, 248, and 254 is routed through a

15 base portion of instrument 100, lurther, MMuid that Mlows from (luid paths 252 and 238 0
reservoir 242 is routed through a base portion ol instrument 100, Routing the [luid
through a base portion ol instrument 100 allows the space on the main surface of
instrument 100 to hold other components.  This allows for flexibility in the design of
instrument 100 and allows instrument 100 (o have a compact design,

20 Thermal management system 240 is advantageous as it is a closed-loop system.
This means instrument 100 does not have 1o be connected o a [luid source Lo regulate the
temperature of components in instument 100, as the fluid is stored in thermal
managcnicnt system 240 and cycled through thermal management system 240 as necded.
This allows instrument 100 to be used in sellings where there is no access 10 a

25  temperature controlled fluid source,  Thermal management system 240 is tfurther
advanlageous, as it can effectively and elTiciently regulate the lemperalure of components
that are positioned along thermal management system 240 using convective heal transfer,

I'lG. 4A is a top plan view ol lape 104 with wells 270. I'IG. 4B is a schemalic
view of lape 104 with [irst plurality of wells 272 and second plurality ol wells 274, Tape

30 104 includes wells 270, including first plurality of wells 272 (including well 276), sccond
plurality of wells 274 (including well 278), and array identilier 230.

Tape 104 includes wells 270, Wells 270 are formed in tape 104 to receive and
hold a biological sample and a reagent [or amplilication and analysis, ‘Tape 104 can

include any number of wells 270, including one well 270 or a plurality of wells 270, For
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example, tape 104 can include wells 270 arranged in a 96 well conliguration, a 192 well
conliguration, a 384 well confliguration, a 768 well conliguration, or a 1336 well
confliguration, Array identilier 280 is an identilier, such as a barcode, which identilies the

contents in wells 270, Tape 104 is made out of a polymer material and wells 270 arc

N

created by embossing in the embodiment shown, although they can be created using other
suitable methods in alternate embodiments. In the embodiment shown, tape 104 is a
while and opaque tape, In alternate embodiments, tape 104 can he black, white, or gray
and transparent, scmi-transparent, or opaquc,
In the embodiment shown in VIGS. 4A-4B, wells 270 include first plurality of
10 wells 272 and second plurality of wells 274 that are olTset [rom and interlaced with [irst
plurality of wells 272, As seen in FIGL 4B, first plurality of wells 272 are represented
wilth white circles and second plurality of wells 274 are represented with black circles.
Tape 104 includes 768 wells, with 384 wells making up first plurality of wells 272 and
384 wells making up second plurality of wells 274, In aliernale embodiments, tape 104
15 can include any number and size ol wells 270 with a first plurality of wells being
interlaced with a second plurality ol wells.

Iirst plurality of wells 272 and second plurality ol wells 274 are positioned on
tape 104 so that the wells in first plurality of wells 272 and the wells in second plurality
of wells 274 are ollsel [rom one another at a 45-degree angle. lior example, well 276 of

20 first plurality of wells 272 is oftfsct from well 278 of sccond plurality of wells 274 at a 45-
degree angle. llach well in [irst plurality ol wells 272 is olTsel [rom each adjacent well in
sccond plurality of wells 274 at a 45-degree angle. This allows fiest plurality of wells 272
and second plurality of wells 274 1o be interlaced with one another in an oflsct patlern.

Interlacing first plurality of wells 272 and second plurality ol wells 274 with each

25  other on tape 104 is advantageous, If cither first plurality of wells 272 or second plurality
of wells 274 were removed, a 384-well [ormat would be lelt on tape 104, Interlacing is
advantlageous for a number of reasons. liirst, tape 104 allows a standard 384-well [ormat
o be duplicated in essentially the same amount ol space as previously required [or the
384-well format. This doubles the number of results that can be collected when a single

30 array of tape 104 is tested, increasing the cfficiency and throughput of the testing device.

Second, tape 104 can easily interact with standardized equipment, such as pipetle tps,

that is currently available for the 384-well or 96-well format.  Third, interlacing first
plurality of wells 272 and second plurality ol wells 274 with one another allows lor

maximum spacing between wells 270, allowing for larger wells then would otherwise be
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possible, l'ourth, the surlace area between wells 270 is maximized on tape 104, which is
advanlageous when lape 104 is sealed. A larger surflace area allows [or a beller seal, as
there is more conlacl belween tape 104 and seal 106,
PLATE STACKER ASSEMBLY

5 I'1G, 5A is an isometric view ol plate stacker assembly 110 in instrument 100,
FIG. 5B is a top cut away view of plate stacker assembly 110 in instrument 100. FIG. 5C
is an isometric view ol plate stacker assembly 110, Plate stacker assembly 110 is
positioned in a first corner of instrument 100, Plate stacker assembly 110 is capable of
receiving, holding, and moving plates in instrument 100, In the embodiment shown in

10 VIGS. 5A-5C, plate stacker assembly 110 receives plates containing a biological sample.,
In alternate embodiments, plate stacker assembly 110 can receive plates containing other
samples or reagents.

Plate stacker assembly 110 includes plate rack 302, plate stacker 304, and plate
shuttle 306. Plate rack 302 is a chute or a hotel that can receive and hold a plurality of

15 plates, Plate rack 302 is atlached to instrument 100 and can be moved in and oul of
instrument 100 using any suitable mechanism, Plate stacker 304 includes an arm that can
move up and down on and rolate around a support structure with a spatula atlached (o the
arm. The spatula and the arm of plate stacker 304 can pick plates out of plate rack 302
and move them in instrument 100 with rotational and vertical movement. Plate shutlle

20 306 includes a nest portion that can move horizontally along a support structure. Plates
rom plate rack 302 can be moved by plate stacker 304 and placed on the nest portion of
plate shuttle 306. When a plate is positioned on the nest portion of plate shuttle 306, the
nest portion can move through instrument 100 1o be positioned [or aspiration and
dispensing,

25 Plates containing a biological sample can be placed in plate stacker assembly 110
in two ways. lirst, plate rack 302 can be pulled out of instrument 100 and plates
conlaining a hiological sample can be positioned on plaie rack 302, Second, the nesi
poriion of plate shuttle 306 can extend out ol instrument 100 (as seen in IlG, 8B), 'This
allows instrument 100 to interface with plate storage unils or plate 1id removal equipment

30 outside of instrument 100. A plate can then be positioned on the nest portion of plate
shuttle 306 and the nest portion can then move back into instrument 100,

Plate stacker assembly 110 can receive, hold, and move plates or other
components compatible with instrument 100, such as tip trays lor dispensing assembly

114. Further, plate stacker assembly 110 can complete these functions in a small arca.

[
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"This makes plate stacker assembly 110 advantageous for use in instrument 100, which is
a compact instrument with limited space.

I'IG. 6A is an isometric view ol plate rack 302, I'IG. 6B is a top plan view of nest

312 of plate rack 302. Plate rack 302 includes frame 310, nests 312, rails 314, rails 315,
5  handles 316, and conlact 318, as shown in I'IG. 6A. lach nest 312 includes [rame 320,
corner supports 322, opening 324, and slot 326, as shown in FIG. 6B.

Mate rack 302 includes frame 310 that forms a body portion ol plate rack 302, As
scen in the embodiment shown in FIGS. 6A-6B, attached to frame 310 are a plurality of
nests 312, In alternale embodiments, one nest 312 or any number of nests 312 can

10 aulached 1o frame 310. Nests 312 are positioned in a verlical row on [rame 310, lach
nest 312 can receive and hold a plate. When a plate is needed for aspiration or
dispensing, the plate can be picked [rom nest 312 that the plale is positioned in and
moved through instrument 100 to be positioned tor aspiration or dispensing.

Rails 314 are attached 1o frame 310 on an outer side surface of [rame 310. Rails

15 314 are sliding rails in the embodiment shown in I'1G. 6A that slide upon corresponding
rails 315 that can be attached (o instrument 100. Rails 314 and rails 315 allow plate rack
302 1o slide in and oul of insirument 100. In aliernaie embodiments, rails 314 and rails
315 can be any mechanism that holds plate rack 302 in instrument 100 and allows plate
rack 302 to slide in and oul of instrument 100, In some embodiments, when plate rack

20 302 is slid out of instrument 100 plate rack 302 can be fully removed. This allows a user
o remove plate rack 302, load plate rack 302 with plales al a location away [rom
instrument 100, and then reinsert plate rack 302 into instrument 100 once plates have
been positioned on plate rack 302. Handles 316 are attached 1o an outer [tont surlace of
(rame 310. Handles 316 can be grasped by a user to slide plate rack 302 oul of

25  instrument 100 along rails 314 and rails 315. Ilandles 316 can also be used to move plate
rack 302 when plate rack 302 is removed [rom instrument 100,

Contact 318 is also altached (o an outer side surface ol frame 310. Contact 318
will abul a conlact thal is attached (o instrument 100 when plate rack 302 is positioned in
instrument 100, Contact 318 and the contact allached 1o instrument 100 act as a sensor 1o

30 indicate to instrument 100 that plate rack 302 is positioned in instrument 100, Further,
contact 318 can communicate (o the conlact attached o instrument 100 o indicale what
configuration or size of plate rack 302 has been placed in instrument 100. In alternate
embodiments, any identilication mechanism can be positioned on plate rack 302 and any

identification reader can be positioned on instrument 100, As a first example, a barcode
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allixed (o frame 310 of plate rack 302 could be scanned by a camera on instrument 100
and used 1o indicate whal conliguration or size ol plate rack 302 has been placed in
instrument 100, As a second example, an RI'TI) 1ag allixed o [rame 310 ol plate rack
302 could be scanned by an RFID reader on instrument 100 and used to indicate what
5  confliguration or size of plate rack 302 has been placed in instrument 100. This
information can then be used by instrument 100 to indicate to componcents that interact
with plate rack 302 whal confliguration and size ol plate rack 302 is in instrument 100,
As seen in FIG. 6B, cach nest 312 includes frame 320 that forms an outer body
portion of nest 312, 'rame 320 has a beveled inner edge 1o guide a plate being placed on
10 mnest 312 inio the proper position, The beveled inner edge on rame 320 eliminates the
need for a plate to be perfectly aligned with nest 312 before it is placed. Attached to cach
inner comer ol frame 320 is a corner support 322, Corner supports 322 are [lal support
structures that arc cach capable of supporting a corner of a plate when a plate is
positioned in nest 312, DPositioned inwards of rame 320 and comer supporls 322 is
15 opening 324, Positioned on a side ol [rame 320 is slot 326. Opening 324 and slol 326 are
provided in each nest 312 so that an arm can pass through nest 312 1o place plates in nest
312 and o pick plates [rom nest 312, Slot 326 is positioned on the side ol frame 320
through which the arm will pass. Allowing an arm to pass through opening 324 and slot
326 allows plate rack 302 o have a compacl design.
20 FIG. 7A is an isometric view of plate stacker 304, FIG. 7B is a perspective view
ol a portion ol plate stacker 304 and a portion of plate rack 302, 7C is a perspective view
of a portion of plate stacker 304. Plate stacker 304 includes column 330, screw rail 332,
arm 334, spatula 336, acluator 338, actuator 340, camcra 342, brackel 343, cable carrier
344, sensor 346, mirror 348, and mirror 349, Spatula 336 includes support member 350
25  and notches 352, Also shown in FIG. 7B is plate 390A positioned on plate rack 302.
Also shown in I'IGS. 7B and 7C is camera path C.
Plate stacker 304 includes column 330 that [orms a support structure lor plate
stacker 304, Positioned inside column 330 is screw rail 332, Arm 334 is atlached o
screw rail 332, Arm 334 includes spatula 336 thal can be used 1o pick and place plates in
30 instrument 100, Arm 334 can move up and down in a vertical direction on screw rail 332,
Arm 334 can also rotate with column 330 about a vertical axis. Actuator 338 is
positioned on a base portion of plate stacker 304 and controls the rotational movement of
column 330 and arm 334, Actuator 340 is positioned on a top end of column 330 and

controls the vertical movement of arm 334 on screw rail 332, In the embodiment shown,
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actuator 340 includes a servo molor thal tracks the vertical position ol arm 334 on screw

rail 332.
Camera 342 is attached to plate stacker 304 with bracket 343. Camera 342 is used
to scan barcodes or other plate identifiers on plates that are positioned in instrument 100,
5 In the embodiment shown in I'lG, 7B, camera 342 is used 1o scan barcodes on plates
positioned in plate rack 302, Camera 342 is attached to bracket 343 so that camera 342
moves up and down with arm 334 on screw rail 332, Camera path C shows the path [rom
4 barcode on plate 330A to camera 342, Camera 342 is positioned such that camera 342
captures the image ol the harcode rellecied in mirrors 348 and 349, Scanning barcodes

10 with camera 342 allows instrument 100 (o determine what plate should be moved with
spatula 336. Cable carrier 344 is positioned adjacent column 330 and contains cables that
connect camera 342 10 a power source and other electronic components that are needed (o
comnmnicate with instrument 100, Also attached to plate stacker 304 is sensor 346.
Sensor 346 senses the presence of a plate on spatula 336.

15 Spatula 336 ol arm 334 is used (o pick and place plates in instrument 100, Spatula
336 includes support member 350 and nolches 352, Support member 350 is a base
portion with a plus shape. Notches 352 are open areas in each corner of spatula 336.
Support member 350 and notches 352 are shaped so that spatula 336 can pass through
nests in instrument 100. Support member 350 is used Lo engage a boltom of a plate in

20 instrument 100. This cngagement supports a plate and allows spatula 336 to move the
plate in instrument 100. Support member 350 has a beveled inner edge Lo guide a plate
being picked with spatula 336 into the proper position. The beveled inner edge on
support member 350 climinates the need for a plate (o be perlectly aligned with spatula
336 belore il is picked. Using spatula 336 to move plales in instrument 100 is

25  advantagcous, as support member 350 of spatula 336 fully supports a plate and climinates
concerns that the plate will be dropped as it is moved in instrument 100,

I'IG, BA is an isometric view of plate shutile 306, 1'I(G, 8B is an isomelric view of
plate shuttle 306 in instrument 100, Plate shuitle 306 includes support 360, rail 362, nest
364, brackel 366, driving mechanism 368 (including drive belt 369 and actuator 370),

30 clamp 372, home sensor 374, and plate scnsor 378. Nest 364 includes frame 380, corner
supports 382, opening 384, and slot 386,

Plate shuttle 306 includes support 360 that forms a support stucture for plate
shuttle 306.  Support 360 extends in a horizontal direction through instrument 100.

Attached to support 360 is rail 362, Rail 362 also extends in a horizontal direction
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through instrument 100 along support 360. Nest 364 can be atlached Lo rail 362 with
brackel 366. Nest 364 moves along rail 362 in a horizontal direction through instrument
100. Brackel 366 attaches nest 364 1o rail 362, Bracket 366 attaches nest 364 1o driving

mechanism 368 with clamp 372. Driving mechanism 368 is a belt driven system in the

N

embodiment shown in I'IGS. 8A-8B, bul can be any suitable driving mechanism in
alternate cmbodiments.  Actuator 370 is attached to support 360 and controls the
movement ol driving mechanism 368, Brackel 366 altaches o drive belt 369 ol driving
mechanism 368 with clamp 372, As drive belt 369 of driving mechanism 368 moves,
clamp 372 will move with drive belt 369 and thus will move brackel 366. As brackel 366
10 moves with driving mechanism 368, bracket 366 will slide upon rail 362 and move nest
364 in instrument 100,
Also aitached 1o support 360 are home sensor 374, and plate sensor 378, Home
scensor 374 is positioned on a tirst end of support 360. [Tome sensor 374 senses when nest
364 is positioned near the [irst end of support 360. 'This is the home position [or nest 364,
15 As seen in I'IG. 8B, nest 364 can extend oul of instrument 100 through an opening in
instrument 100, Plate sensor 378 is posilioned belween the middle portion and the [irst
end of support 360, Plate sensor 378 senses when a plate is positioned on nest 364,
When a plate is positioned on nest 364, plate sensor 378 will indicate to instument 100
that there is a plate positioned on nest 364 1o prevent instrument 100 (rom trying 1o place
200 another plate on nest 364, When a plate is positioned on nest 364, plate sensor 378 will
also indicate to instrument 100 that a plate is available [or dispensing operations,
As seen in FIG. 8A, nest 364 includes frame 380 that forms an outer body portion
of nest 364, 1'rame 380 has a beveled inner edge 1o guide a plate being placed on nest
364 into the proper position, 'The beveled inner edge on [rame 380 eliminates the need
25 for a plate to be perfeetly aligned with nest 364 betore the plate is placed.  Attached to
each inner corner ol frame 380 is a corner support 382, Corner supports 382 are [lai
supporl structures thal are each capable of supporting a corner ol a plate when a plate is
positioned in nest 364, Positioned inward ol [rame 380 and corner supports 382 is
opening 384, Positioned on a side of rame 380 is slot 386. Opening 384 and slot 386 are
30 provided in nest 364 so that arm 334 of plate stacker 304 can pass through nest 364 to
place plales in nest 364 and 1o pick plates [rom nest 364, Slol 326 is posilioned on the
side of frame 320 through which arm 334 will pass. Allowing arm 334 to pass through
opening 384 and slot 386 ol nest 364 allows a plate Lo be easily picked from or placed

into nest 364,
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I'1G. 9A is an isomelric view of plate rack 302 and plate stacker 304 when spatula
336 is in a home position. 11G. 9B is an isometric view ol plate rack 302 and plate
stacker 304 when spatula 336 has been moved [rom the home position. 11G, 9C is an

isometric view of plate rack 302 and plate stacker 304 when spatula 336 is positioned to

N

pick plate 390A. 1'IG. 917 is a perspeclive view of plate stacker 304 and plate shuttle 306

when spatula 336 has placed plate 390A in nest 364 of plate shuttle 306. Plate rack 302

includes [rame 310, plurality of nests 312 (including nest 312A), and rails 314, liach nest

312 includes frame 320, corner supports 322, opening 324, and slot 326 (as shown in

I'lG, 6B), Plate stacker 304 includes column 330, screw rail 332, arm 334, spatula 336,

10 aciuator 338, actuator 340), camera 342, cable carrier 344, and sensor 346, Spatula 336
includes support member 350 and notches 3520 Plate shuttle 306 includes support 360,
rail 362, nest 364, bracket 366, driving mechanism 368, home sensor 374, and plate
scnsor 378, Nest 364 includes frame 380, Also shown are plates 390 (including plate
390A).

15 As seen in I'1G. 9A, plate stacker 304 is in a home position when arm 334 with
spatula 336 is posilioned over a lop end ol plate rack 302, To move arm 334 out of the
home position, actuator 338 will rotate arm 334 and column 330 so that arm 334 is no
longer positioned over plate rack 302, Actuator 340 can then move arm 334 up and down
along screw rail 332,

20 As seen in FIG. 9B, arm 334 has been rotated and vertically moved away from the
home position. 'This prepares plate stacker 304 (o pick a plate out of plate rack 302. To
pick a plate out of plate rack 302, actuator 340 moves arm 334 vertically so that arm 334
is aligned just below a bottom surlace of nest 312 containing the plate that is 1o be picked.
Actuator 338 then rotales arm 334 until spatula 336 is positioned underneath the plate that

25  is to be picked. Spaces are lett between cach nest 312 in plate rack 302 to allow spatula
336 Lo move belween nests 312,

As seen in I'IG. 9C, spatula 336 is positioned underneath plate 390A in nest 312A
at the botiom end of plate rack 302, Alfier spatula 336 is rotated (o this position, actuator
340 can move arm 334 upward so thal spatula 336 engages and picks plale 390A

30 positioned on nest 312A. Actuator 340 drives screw rail 332 to move arm 334 and

spatula 336 upward Lo pick plate 390A so that plate 390A no longer touches nest 312A

and so that plate 390A and spatula 336 arc positioned just above a top surface of nest
312A. 'This allows actuator 338 to rotate arm 334 away [rom plate rack 302, thus moving

plate 390A out of plate rack 302.



WO 2016/018910 PCT/US2015/042471

When spatula 336 engages plate 390A in nest 312A ol plate rack 302, spatula 336
and arm 334 pass through opening 324 and slot 326 ol nest 312A, Supporlt member 350
engages a hottom side ol plate 390A and picks plate 390A ofl of corner supporis 322 of
nest 312A. Notches 352 of spatula 336 are sized and shaped so that they pass next to
5  comer supports 322, This allows spatula 336 10 move through opening 324,
After plate 390A has been picked out of plate rack 302, arm 334 and spatula 336
are rolated away [rom plate rack 302 and positioned above plate shuttle 306, Plate shutile
306 then moves nest 364 into a pesition to receive plate 390A from plate stacker 304,
Arm 334 and spatula 336 are then lowered. As arm 334 and spatula 336 are lowered,
10 spatula 336 passes through opening 384 and slot 386 ol nest 364, Notches 352 of spatula
336 pass around corner supports 382 of nest 364, As spatula 336 passes through nest 364,
each corner of plate 390A on spatula 336 will come into contact with one corner support
382, This will pick plate 390A off of spatula 336 as spatula 336 passes through nest 364,
as seen in I'IG. 91D, Plate shuttle 306 can then move nest 364 into position [or aspiration
15 ordispensing and instrument 100 can aspirate or dispense a [luid from plate 320A on nest
364.
Aller aspiration, plate 390A can be picked [rom nest 364 with arm 334 of plate
stacker 304, To pick plate 390A from nest 364, spatula 336 and arm 334 of plate stacker
304 lirst need 1o be positioned below the position where plate 390A will be picked. Plate
20 shuttle 306 can then move nest 364 so that nest 364 is positioned over spatula 336 and
arm 334, Spatula 336 and arm 334 can then be driven upward by actuator 340, Spatula
336 and arm 334 will pass throngh nest 364 and cngage and pick plate 390A that was
positioned on nest 364. When spatula 336 engages plate 390A in nest 364 of plate shuttle
306, spatula 336 and arm 334 pass through opening 384 and slot 386 of nest 364 (shown
25  in FIG. 8A). Support member 350 cngages a bottom side of plate 390A and picks plate
390A off of corner supports 382 of nest 364. Notches 352 of spatula 336 are sized and
shaped so that they pass nexl 1o comer supports 382, ‘This allows spatula 336 10 move
through opening 384,
Aller plate 390A has been picked out ol nest 364 of plate shuttle 306, arm 334 and
30 spatula 336 can be moved vertically until they are aligned just above a top surface one
nest 312 in plate rack 302 in which plate 390A is o be placed. If nest 312 in which plate
390A is to be placed is lower than nest 364 of plate shuttle 306, plate shuttle 306 will
need Lo move nest 364 out of the way belore arm 334 and spatula 336 can be moved

vertically into a position just above a top surface of one nest 312 in plate rack 302, Once
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arm 334 and spatula 336 are aligned just above one nest 312 in plate rack 302, actuator
338 can rolale arm 334 and spatula 336, 'This will position arm 334 and spatula 336 just
over a lop surlace of nest 312 in which plate 390A is 1o be placed. Actuator 340 can then
lower arm 334 and spatula 336. This will cause arm 334 and spatula 336 to pass through

5  opening 324 and slot 326 of nest 312, As spatula 336 passes through nest 312, each
corner of plate 390A on spatula 336 will come into contact with one corner support 322,
This will pick plate 390A off ol spatula 336 as spatula 336 passes through nest 312,
Spatula 336 will then be positioned just below a bottom surtace of nest 312 and actuator
338 can rotate spatula 336 and arm 334 out ol plate rack 302,

10 Plate rack 302 can hold any number ol plates 390. When one plate 390 is needed,
plate stacker 304 can usce camera 342 to determine which plate 390 arm 334 should
engage. ‘This allows a user o place plates 390 on nests 312 of plate rack 302 in any
order. This is advantageous, as it allows for great flexibility in using instrument 100, A
user does not need (0 determine the order of Lesting belore selling up instrument 100, as

15 instrument 100 will be able 1o select and move plates 390 in any order,

Plate stacker assembly 110 is [urther advanlageous, as arm 334 and spatula 336
provide firm contact and engagement with plates in instrument 100, Prior art systems
erip plates with a robotic arm to move them in instrument 100, Picking plates 390 with
spatula 336 provides beiter contact with plates 390, ensuring that plates 390 will move

20 through instrument 100 without being dropped. This makes plate stacker assembly 110
more reliable than prior art systems,

Plate stacker asscmbly 110 is also advantageous, as it allows for rotational
movement and vertical movement aboul a common z-axis. This movement around a
common z-axis allows plate siacker assembly 110 10 have a compacl design. This saves

25  spacce in instrument 100 while still allowing for a large range of motion for moving plates
in instrument 100,

DECK PLATE ASSEMBLY

I'IG. 10 is an isometric view of deck plate assembly 112 within instrument 100,
Deck plate assembly 112 includes deck plate station 402, deck plate station 404, and deck

30 plate station 406. Deck plate station 402, deck plate station 404, and deck plate station
406 hold plates or racks containing reagents (reagent plates). Jispensing assembly 114 of
instrument 100 dispenses the reagents into tape 104 proceeding through instrument 100).
In alternate embodiments, deck plate station 402, deck plate staition 404, and deck plate

station 406 can be used to receive and hold plates or racks containing biological samples.
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In alternate embodiments, deck plate assembly 112 can include a single deck plate
slation, two deck plate stations, or [our or more deck plate stations,

I'1G, 1TA is a partially (ransparent isomelric view of deck plate station 406,
FIGS. 11B-11D are perspective views of deck plate station 406. As shown in FIGS. 11A-

5 11D, deck plaie station 406 includes housing 408, deck cover 410 (shown transparent in
FIG. 11A) with Al position 412, thermocelectric modules (TEMs) 414, temperature sensor
416, spring-loaded clip 418, hold down 420 with clover leal pattern 422, pivol 424, lock
knob 426, drain port 428, fluid inlet port 430, fluid outlet port 432, hold down height
adjustment screw 434, mirror 474, and camera 476, In the embodiment shown in 1'IGS,

10 11B and 11D, plate 442 with wells 444 rests on deck cover 410, In an alternative
cmbodiment shown in FIG. 11, rack 446 with plurality of matrix tubes 448 rests on deck
cover 410, DPlurality of matrix (ubes 448 includes resealable caps. In allernalive
cmbodiments, any suitable plate or rack can rest on deck cover 410, Camera 476 captures
an image of a barcode on plate 442 or rack 446 using mirror 474 (see I'IG. 16 lor more

15  detail).

Housing 408 surrounds deck cover 410, T1IMs 414 and temperature sensor 416
are located underneath deck cover 410, TIMs 414 provide thermal management of deck
cover 410. For example, when plate 442 is placed on deck cover 410, deck cover 410 can
cool plate 442 10 a desired temperature, 1’late 442 can be a plale containing reagents in

20 wells 444, and deck cover 410 can cool plate 442 in order to prevent the reagents in wells
444 from denaturing, degrading, or otherwise reacting. 'l'emiperature sensor 416 provides
feedback in order to maintain deck cover 410 at a desired temperature. Fluid inlet port
430 and [luid outlet port 432 arc connccled to thermal management system 240 of
instrument 100 to provide a heat sink lor T1:Ms 414 (see I'IGS, 13-14 for more detail),

25 Plate 442 is sccurcd and aligned in Al position 412 on deck cover 410 with
spring-loaded clip 418. Spring-loaded clip 418 is atlached 1o deck cover 410 and can be
retracled in order 1o place plate 442 onto deck cover 410, Spring-loaded clip 418 includes
a spring that allows spring-loaded clip 418 10 secure plate 442 on deck cover 410. When
plate 442 is placed onto deck cover 410, spring-loaded clip 418 secures plate 442 such

30 that the first well of wells 444 is aligned in Al position 412, Aligning platc 442 in Al
position 412 aligns wells 444 ol plate 442 such that the holes of clover leal pattern 422
align with wells 444 of plate 442 such that dispensing asscmbly 114 of instrument 100

can accurately locate wells 444 and aspirate the contents ol wells 444 [rom plate 442,
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Drain 428 is located on housing 408. When plate 442 is cooled on deck cover
410, condensation may accumulale on plate 442 and on deck cover 410, Housing 408 is
shaped with an angled trough such that condensation is directed away [rom plate 442 and
deck cover 410 and exits deck plate station 406 through drain 428.

5 Hold down 420 is in the open position in I'IGS. 11B and 11C and in the closed
position in FIG. 111). When hold down 420 is in the open position, plate 442 or rack 446
may be placed onto deck plate station 406. When hold down 420 is in the closed
position, platc 442 or rack 446 is sccured on deck cover 410 and the contents of wells 444
or pluralily ol matrix tubes 448 may be aspirated from plate 442, Plate 442 can include a

10 seal over each well 444, Dispensing assembly 114 of instrument 100 uses Lips o break
the scal over cach well 444 and aspirate a reagent from cach well 444, Tlold down 420
secures plate 442 on deck cover 410 such that plate 442 is not lifted ofl ol deck plate
station 406 when the tips are retracted after having punctured through the scal over cach
well 444,

15 Pivol 424 is connected o hold down 420 and allows a user Lo manually pivot hold
down 420 between the open position and the closed position. lLock knob 426 is
connected Lo pivol 424 and allows a user (o manually secure hold down 420 in the open
position or the closed position. In the embodiment shown, lock knob 426 is a spring-
loaded relractable plunger, In order (o lock or unlock hold down 420 and move hold

20 down 420 to the open or closed position, the user pulls lock knob 426 away from pivot
424, urns lock knob 426 hall a rotation, pivols hold down 420 up or down (o the open or
closed position, turns lock knob 426 a half rotation, and releases lock knob 426.

Hold down 420 includes clover leal pattern 422 in order o accommodate
variations in wells 444 ol plate 442 and plurality ol mairix tubes 448 of rack 446, Clover

25  leaf pattern 422 includes 96 four-leaf clover-shaped holes. In the embodiment shown in
G, 1113, plate 442 includes 96 wells, When hold down 420 is in the closed position, as
shown in UG, 111, the cenler of each [our-leal clover-shaped hole of clover leal patiern
422 is aligned wiith one ol wells 444 such that each well 444 is accessible lor dispensing,
In an alternative embodiment, plate 442 may include 384 wells, In this allernative

30 embodiment, when hold down 420 is in the closed position, cach leat of cach four-leaf
clover-shaped hole ol clover leal pattern 422 is aligned with one of wells 444 such that
cach well 444 is accessible for dispensing.

IFIGS, 12A and 12B are partially (ransparent perspeclive views of deck plate

station 406. Deck plate station 406 includes housing 408, deck cover 410, spring-loaded
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clip 418, hold down 420 with clover leal pattern 422, pivol 424, lock knob 426, [luid
oullel port 432, hold down height adjustment screw 434, rail clamp nut 436, guides 460,
and rail 464 (shown partially transparent in I'lGS. 12A and 12B).
IMold down height adjustment screw 434 is connected to rail clamp nut 436, Rail
5 clamp nut 436 is installed into a groove ol rail 464 so that rail clamp nut can slide [reely,
Rail clamp nut 436 and hold down height adjustment screw 434 cooperate to clamp rail
464 against one ol guides 460 1o keep hold down 420 at a desired height, Hold down
height adjustment screw 434 allows the user to manually adjust the height of hold down
420 up and down in order o accommodalte different heighis of plate 442 or rack 446 and
10 1o vary how tightly hold down 420 is secured (o plate 442 or rack 446,
When a user loosens hold down height adjustment screw 434 (using, for example,
a hex key), rail clamp nut 436 releases rail 464 such that the user can manually adjust the
height of hold down 420 up or down. Rail 464 slides up and down within guides 460.
Omnce the desired height is selected based on the height of plate 442 or rack 446, the user
15 lightens hold down adjustment screw 434 1o secure the position of hold down 420. As
hold down adjustment screw 434 is tightened, rail clamp nut 436 pulls rail 464 over o
one of guides 460 1o secure hold down 420 at the desired height.  Hold down 420 is held
in place on plate 442 or rack 446 with friction and gravity.
I'[G, 13 is a partially (ransparent isometric view [rom underneath deck plate
20 station 406. Deck plate station 406 includes housing 408, deck cover 410, hold down 420
with clover leal pattern 422, lock knob 426, Muid inlet port 430, (luid oullet port 432,
guides 460, and jacket 466 with fluid path 468.
Jacket 466 with [luid path 468 is located underncath deck cover 410 (shown in
IIGS. T1A-T113). THMs 414 are localed beiween jackel 466 and deck cover 410.
25  Tlousing 408 surrounds jacket 466. Fluid path 468 is connected to thermal management
system 240 of instrument 100 through [Tuid inlet port 430 and [uid cutlet port 432,
I'IG, 14 is a botlom view ol deck plate station 406, 1eck plate station includes
housing 408, T1:Ms 414 (shown in phantom), [luid inlet port 430, (uid outlet port 432,
and jackel 466 with lluid path 468. As shown in I'IGS. 13 and 14, luid lows through
30 fluid path 468 in order to provide thermal management, such as cooling, and can create a
heat sink [or the heat generated by 'I1:Ms 414,
Fluid path 468 is a cavity that snakes back forth within jacket 466. Fluid, such as
cooling waler, enters [luid path 468 through [uid inlet port 430, passes through [luid path
468, and cxits tluid path 468 through fluid outlet port 432, Jacket 466 with tluid path 468
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provides a heal sink that removes heal generaled by TIMs 414 when TIiMs 414 are
operaling o cool deck cover 410, Housing 408 is made of a phenolic material (o provide
insulation such that the heal [rom T1Ms 414 does not reach deck cover 410, In alternate
cmbodiments, housing 408 can be made of any other insulating material.

5 I'1G. 15 is a partially transparent side view of deck plate station 406, eck plate
station 406 includes housing 408, drain port 428, hold down 420, pivot 424, and limit
switch 470, Limil switch 470 detects the position of hold down 420, including whether
hold down 420 is in the open position or in the closed position (FIGS. 11B and 11D).
Limil switch 470 provides a signal (o instrument 100 1o prevent other assemblies such as

10 dispensing assembly 114 [rom running into deck plate station 406,

FIG. 16 is a side view of deck plate station 406 of deck plate assembly 112 within
instrument 100. Deck plate station 406 is representative of deck plate station 402 and
deck plate station 404, Deck plate station 406 includes housing 408, hold down 420,
plate 442 with barcode 472, mirror 474, and camera 476, Also shown in I'lG, 16 is

15 camera path P,

Barcode 472 is located on plate 442, Barcode 472 identifies the conlents ol plate
442, Male 442 is positioned in deck plate assembly 406 such thal barcode 472 is reflected
in mirror 474. Camera path P shows the path from barcode 472 to camera 476. Camcera
476 is positioned such thal camera 476 captures the image of barcode 472 reflected in

20 mirror 474. Camcra 476 captures the image of barcode 472, which allows instrument 100
Lo identily the contents of plate 442,

TAPE PATH ASSEMBLY

I'IG. 17A is an isometric view ol tape path asscmibly 118 in instrument 100, I,
17B is a [ront isometric view of tape path assembly 118, Tape path assembly 118

25  includes first position 130, sccond position 132, third position 134, fourth position 136,
tape inleed 510, tape spool 512, drive mechanism 514, tape cutler 516, 1ift mechanism
518, retractable hold down 520, and covers 522, Covers 522 include lape receiving ends
524, Tape path assembly 118 also includes entrance IIN'I" at a [irst end and exil IX'I"at a
second end. Also shown in I'1G. 17B is Lape 104,

30 Tape path asscmbly 118 extends through instrument 100 and provides a path
along which tape 104 having a plurality ol wells can advance. Tape 104 moves through
instrument 100 trom cntrance ENT to ¢xit EXT of tape path asscmbly 118 through the
dilferent positions on tape path assembly 118, lirst position 130 is positioned between

entrance ENT and sccond position 132; second poesition 132 is positicned between first
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position 130 and third position 134; third position 134 is positioned belween second
position 132 and lourth position 136; and lourth position 136 is posilioned between third
position 134 and exit IX'I. Dilferent [unctions are completed at each position along lape

path asscmbly 118.

N

Tape infeed 510 is positioned adjacent entrance IIN'I" and can be exlended w0 a
loading position (not shown in FIGS. 17A-17B) for loading tape spool 512, Tape infeed
510 can then be retracted (o retracied position R, where tape infeed 510 and Lape spool
512 can be enclosed within instrument 100, At retracted position R, tape 104 can be
driven toward entrance 1IN'I" and advanced along tape path 118 toward exit IXT. In this
10 manner, lape inleed 510 allows for manual loading ol tape spool 512, while lape 104 can

be automatically advanced within instrument 100, reducing the likelihood  of
contamination ol the wells. Tape infeed 510 also allows lor the continuous infeed ol a
desired length of tape 104 for processing and analysis. Specifically, tape 104 is guided
between entrance IIN'T" and exit IX'T, tape 104 can be cut (o a desired length, processed,

15 and analyred along a single, compacl pathway,
Afller tape 104 has been led into tape path assembly 118 with tape infeed 510, tape
104 can advance to [lirst position 130, 'Tape 104 aulomatically advances along iape path
assecmbly 118 using drive mechanism 514, Dirive mechanism 514 is positioned under a
top surlace ol tape path assembly 118 and includes a belt that can be used (o drive Lape
20 104 along tape path assembly 118, At first position 130, tape 104 can be cut with tape
cutter 516 so any number ol arrays ol wells can advance through instrument 100,
including a tape scgment with a single array of wells.  Alternatively, tape 104 can
advance as a web through [irst position 130 without being cut. At second position 132,
dispensing assembly 114 (not shown in I'IGS. 17A-17B) can dispense a biological sample
25  and a reagent into tape 104 to form a biological sample and rcagent mixture. Further,
tape sealing assembly 120 (not shown in I'IGS. 17A-17B) can be positioned adjacent 1o
second position 132 (o seal the biological sample and reagenl mixture in tape 104,
Positioned below second position 132 and [ourth position 136 is 1ift mechanism 518, 1M
mechanism 518 raises second position 132 and flourth position 136 when Lape 104 is held
30 in a stationary position on tape path asscmbly 118, but can lower second position 132 and
[ourth position 136 when tape 104 is being advanced along Lape path assembly 118,
Positioned adjacent to second position 132 and over third position 134 is retractable hold
down 520. Retractable hold down 520 can extend toward second position 132 o hold

tape 104 flat while in second position 132 during dispensing.
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Tape 104 can also be cooled al second position 132 to prevent the hiological
sample and reagent mixlure from undergoing a chemical reaclion, or tape 104 can he
heated al second position 132 1o incubate the hiological sample and reagent mixture, Al

third position 134, tape 104 can again be cooled to prevent the biological sample and

N

reagenl mixlure [rom undergoing a chemical reaction or heated Lo incubale the hiclogical
sample and reagent mixture. At third position 134, tape 104 can be held in place while
tape 104 downstream [rom third position 134 is processed at [ourth position 136, Al
fourth position 136, the biological sample and rcagent mixture in tape 104 can be
amplilied and analyred using deteciion assembly 122 (not shown in I'IGS, 17A-17B) that
10 is positioned adjacent 1o [ourth position 136, 'The biological sample and reagent mixture
can undergo thermal cycling or be heated at a constant temperatare at fourth position 136
with detection assembly 122, Detection assembly 122 [urther includes a camera (not
shown in FI(:S. 17A-17B) that can be used to analyze the biological sample and reagent
mixture in lape 104, In this manner, lape path assembly 118 has a compact design,
15 making the instrument suilable lor use in a variely of dilferent seltings.
Covers 522 are located above [irst position 130, above third position 134, and
between [ourth position 136 and exit IXT. Covers 522 can span the width ol tape 104
and include tape-receiving ends 524 at a first end of cach cover 522, Covers 522 can be
v-shaped al tlape-receiving ends 524. In the embodiment shown in I'IGS. 17A-17B,
20 covers 522 are made from stainless steel. In alternate embodiments, covers 522 can be
made [rom any suitable material. Covers 522 can prevent tape 104 from bending upward
oftf of tape path assembly 118.
I'IG. 18A is a [ront isometric view of (ape path asscmibly 118 with tape infeed 510
in a retracted position R, I'IG. 18B is a front isometric view ol tape path assembly 118
25  scen in FIG. 18A with tape infeed 510 in an extended position E. Tape path assembly
118 includes first position 130, second position 132, third position 134, lourth position
1306, tape infeed 510, and tape spool 512, Tape path assembly 118 also includes entrance
IIN'T" at a lirst end and exit IXT at a second end, Also shown in I'IGS, 18A-18B is lape
104.
30 Tape infeed 510 is adjacent to entrance ENT. When tape infeed 510 is at retracted
position R (as shown in I'IG. 18A), tape 104 is advanced [rom tape spool 512 through
tape infeed 510 toward first position 130 by a plurality of rellers (not shown in detail in
I'IGS. T8A-18B). When tape infeed 510 is al extended position 1 (as shown in I'IG.
18B), tape spool 512 holding tape 104 can be loaded into tape infeed 510. In this manner,

[ 5]
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tape 104 can be manually loaded into instrument 100 butl automatically advanced along
tape path assembly 118 by tape inleed 510,

IFIG., 19A is a back perspective view of tape path assembly 118 with drive

mechanism 514, FIGL 19B is a back isometric view of drive mechanism 514, FIG. 19C

5 is a perspeclive view of one ol rollers 550 ol tape path assembly 118. 'Tape path
assembly 118 includes first position 130, sccond position 132, third position 134, fourth
position 136, drive mechanism 514, and covers 522, Drive mechanism 514 includes shall
532, idler pulleys 536, drive belts 538, actuator 540, actuator drive pulleys 542, idler
guide pulleys 544, rollers 550, and springs 552. Tape path assembly 118 also includes

10 entrance IIN'l"at a first end and exit !XT at a second end. Also shown in I'lG. 19A is
tape 104.

Tape 104 advances along lape path assemhly 118 through instrument 100 via
drive mechanism 514, Drive mechanism 514 includes idler pulleys 536 positioned near
entrance IIN'I" of tape path assembly 118. Idler pulleys 536 are mounted on each side of

15 1ape path assembly 118, Drive mechanism 514 also includes actuator drive pulleys 542
and idler guide pulleys 544 positioned near exit IXT of tape path assembly 118.
Actualor drive pulleys 542 and idler guide pulleys 544 are mounted on each side ol 1ape
path asscmbly 118. Actator drive pulleys 542 are connected to one another with shaft
532, Drive belts 538 extend between and wrap around actuator drive pulleys 542 and

20 idler pulleys 536. Idler guide pulleys 544 keep drive belts 538 aligned with actuator drive
pulleys 542 and idler pulleys 536. In the embodiment shown, there are two idler pulleys
536, two actuator drive pulleys 542, four idler guide pulleys 544, and two drive belts 538.
One idler pulley 536, once actuator drive pulley 542, (wo idler guide pulleys 544, and one
drive bell 538 are positioned on each of a front side and a back side ol Ltape path assembly

25 118 and arc positioned in parallel at approximately a width of tape 104, On cach side,
actuator drive pulley 542 is aligned with idler pulley 536 so that drive belt 538 can wrap
around each of actuator drive pulley 542 and idler pulley 536.

Drive bells 538 are driven by actuator 540, Actuator 540 is attached (o shall 532,
Shalt 532 extends between actuator drive pulleys 542, In the embodiment shown in

30 FIGS. 19A-19C, actuator 540 is a motor. In alternate cmbodiments, actuator 540 can
acluate drive bells 538 with any suitable mechanism such as, for example, an electric
motor, a pneumatic motor, or 4 hydraulic motor. Actuator 540 rotates shaft 532 and
actuator drive pulleys 542, which transler movement o drive bells 538, Drive belts 538

move around idler pulleys 536, drive pulleys 542, and idler guide pulleys 544, Idler

[%]
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guide pulleys 544 keep drive belis 538 aligned with actuator drive pulleys 542 and idler
pulleys 536.
Rollers 5350 are localed along both sides of ape path assembly 118 between
entrance ENT and exit EXT. Rollers 550 are located directly above drive belts 538, As
5  seen in UG, 19C, rollers 550 are spring-loaded with springs 552, Springs 552 hold
rollers 550 in compression against drive belts 538, Tape 104 is positioned between
rollers 550 and drive belis 338, As drive hells 538 are driven, lape 104 will move with
drive belts 538 along tape path assembly 118 due to friction between tape 104 and drive
belts 538. Rollers 550 hold tape 104 securely against drive bells 538 as tape 104 is
10 advanced along lape path assembly 118, lurther, covers 522 hold tape 104 [lal across
tape path asscmbly 118 and maintain contact with drive belts 538, Tape 104 is thus
driven through instrument 100 along tape path assembly 118 via [riction.
FIG. 20A is a front plan view of tape infeed 510 on tape path assembly 118, FIC(r.
208 is a [ront isometric view of lape inleed 510 on lape path assembly 118, 'Tape inleed
15 310 includes driven rollers 360, [irst tension rollers 562, acluator 564, pulley 566, drive
belt 368, transler rollers 570, exiendable portion 572, extendable portion rollers 574, and
second tension rollers 576, ''ape path assembly 118 also includes entrance IIN'I', Also
shown in FIG. 20B is tape 104.
Tape infeed 510 is attached 1o lape path assembly 118 adjacent 1o entrance IINT,
20 Diriven rollers 560, first tension rollers 562, transfer rollers 570, extendable portion rollers
574, and second tension rollers 576 all comprise a pair ol rollers that are parallel Lo each
other at approximately the width of tape 104, Driven rollers 560 comprise tacky rollers
connceled o tape path assembly 118 upstrecam of [irst position 130. 1'irst tension rollers
562 are positioned on Lop of driven rollers 560 and can be weighled, tensioned with
25  springs, or otherwise compressed against driven rollers 560.  Driven rollers 560 arce
driven by aclualor 564, In this embodiment, actualor 564 is a motor, In allernate
emhodiments, actualor 564 can drive driven rollers 560 with any suitable mechanism
such as, [or example, an eleclric molor, a pneumatic motor, or a hydraulic motor,
Actuator 564 is connected o driven rollers 560 via pulley 566 and drive helt 568,
30 Transfer rollers 570 are positioned upstream of driven rollers 560 so as to be in contact
with driven rollers 560. In this embodiment, transfer rollers 570 are held in tension
against driven rollers 560 by springs. In alternate embodiments, transter rollers 570 can
be held in tension against driven rollers 560 with any suilable mechanism. lixtendable

portion 572 is positioned upstream of transter rollers 570, Extendable portion 572
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comprises extendable portion rollers 574 and second tension rollers 576, The rollers of
second tension rollers 576 are positioned on op of extendable portion rollers 574 and can
be weighted, tensioned wilh springs, or oltherwise compressed against extendable portion

rollers 574. Extendable portion rollers 574 are positioned such that when extendable

N

portion 572 is in a retracled position (as shown in I'lG. 20A), extendable portion rollers

574 contact transfer rollers 570. When extendable portion 572 is in an extended position,

extendable portion rollers 5374 do nol contact transler rollers 570.

When extendable portion 572 is in an extended position, tape spool 512 holding
tape 104 can be manually loaded into extendable portion 572, Tape 104 can then be
10 manually advanced and led between extendable portion rollers 574 and second tension

rollers 576, which arc configured to capture and hold the leading edge of tape 104, When
exlendable portion 572 is in a retracied position, acluator 564 can rotate driven rollers 56(0)
via pulley 566 and drive belt 568. Motion from driven rollers 560 is transferred to
extendable portion rollers 574 via transler rollers 570, The motion [rom driven rollers

15 360 translerred 1o exlendable portion rollers 574 advances tape 104 until tape 104 is
captured belween driven rollers 5360 and [irst tension rollers 562, which [urther advances
tape 104 along tape path assembly 118, In this manner, lape spool 512 helding lape 104
can be manually loaded outside of the instrument, while tape 104 can be automatically
advanced within the instrument, simplilying loading ol tape spool 512 with tape 104,

20 FIG. 21 A is a back perspective view of tape cutter 516 on tape path assembly 118.
I'lG. 21B is a plan view ol a [ront side of tape cutler 516 having movable blade 380 in a
retracted position.  FIG. 21C is a plan view of a front side of tape cutter 516 having
movable blade 580 in an extended position. I'lG. 21D is a plan view at entrance IN'T of
tape path assembly 118 with tape cutier 516 having movable blade 580 in a retracted

25  position. FIG. 21E is a partially transparcnt plan view at cntrance ENT of tape path
assembly 118 with tape cutter 516 having movable blade 580 in an extended position.
T'ape path assembly 118 includes [irst position 130, driven rollers 560, first tension rollers
562, and tape cutter 516, 'Tape culler 516 includes sensor 578, movable hlade 580,
actuator 582, Lape clamp 584 with tacky end 586, lixed blade 588, safety guard 590, lixed

30 blade mount 592, movable blade mount 594, and ball spring detents 596, Tape path

assembly 118 also includes entrance INT. Also shown in I'IGS. 21A-211%is tape 104,

Tape cutter 516 is located immediately before first position 130 and adjacent to
entrance NI 'I'ape 104 can be cul with lape cutier 516 or tape 104 can pass through

tape cutter 516 without being cut. Tape 104 is advanced along tape path asscmbly 118,
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between [irst tension rollers 5362 and driven rollers 360, Sensor 578 senses when lape
spool 512 (shown in I'IGS. 18A-18B) is oul of tape 104, As Lape 104 passes belween
movable blade 580 and [ixed blade 588, a sensor {(nol shown) located downstream ol tape
cutter 516 can meonitor the position of tape 104 to indicate to actuator 582 when a desired
5 length of tape 104 has passed between movable blade 580 and [ixed blade 588. Actuator
582 can then drive movable blade 580 upward to cut tape 104, In the embodiment shown
in I'IGS. 21A-211, actualor 582 is a linear acluator. In alternate embodiments, actuator
582 can drive movable blade 580 with any suitable mechanism. Movable blade mount
594 can pivol slightly against a single point, Ball spring delents 596 are positioned
10 against a bottom end ol movable blade 580 and give movable blade 580 a slight angle
with respect to fixed blade 588, This slight angle of movable blade 580 improves cutting
wilth movable hlade 580.
Tape clamp 584 is spring-loaded and moves upward with movable blade 580.
Tape clamp 584 is confligured (o contact lape 104 beflore movable blade 580. l'acky end
15 386 ol 1ape clamp 584 positively holds tape 104 against a bottom surface of lixed hlade
mount 592 while tape 104 is being cul between movable blade 580 and fixed blade 588.
As movable blade 580 is driven upward, spring-loaded salely guard 590 is retracted o
allow movable blade 580 to cross fixed blade 588 and cut tape 104, After tape 104 has
been cut, movable blade 580 retracts with Lape clamp 584, and safely guard 590 exlends
20 to contact a side surface of fixed blade mount 592, In this manner, tape cutter 516 can
cleanly cut lape 104 (o a desired length.
FIG. 22A is a partially transparent front perspective view of lift mechanism 518.
I'IG. 22B is a plan view ol lilt mechanism 518, Lilt mechanism 518 includes platform
600, shalt 604, lirst linkage 606, second linkage 608, actuaior 610, drive pulley 612,
25  timing pulley 614, and drive belt 616, Litt mechanism 518 is positioned under a top
surface ol lape path assembly 118, Platform 600 is raised and lowered with shaft 604,
Shall 604 connects to platform 600 with first linkage 606 and second linkage 608,
Lilt mechanism 518 is driven with acluator 610, Actuator 610 can be a motor,
such as, for example, an electric molor, a pneumalic molor, or a hydraulic motor,
30 Actuator 610 is connccted to and can rotate drive pulley 612, Timing pulley 614 is
positioned on shall 604, Drive belt 616 extends belween and wraps around drive pulley
612 and timing pulley 614. As actuator 610 rotates drive pulley 612, drive belt 616 will
move wilh drive pulley 612 and rotate timing pulley 614, As timing pulley 614 is rotated,

timing pulley 614 rotates shatt 604, moving first linkage 606 and sccond linkage 608
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which then move platform 600, In this manner, actuaior 610 can move platlform 600 up

and down, Platform 600 can be actuated up and down Lo move parls ol tape path
assembly 118 up and down.

FIG. 23A is a front plan view of lift mechanism 518 on tape path assembly 118 in

5 aretracied position, 1'IG, 238 is a [ront plan view of 1ift mechanism 518 on tape path

asscmbly 118 in an ¢xtended position. Tape path assembly 118 includes second position

132, third position 134, lourth position 136, and Tift mechanism 518, Lill mechanism 518

includes platform 600, shaft 604, first linkage 606 (shown in FIGS. 22A-22B), sccond

linkage 608 (shown in I'IGS, 22A-22RB), acwuator 610, drive pulley 612, timing pulley

10 614, and drive bell 616, Also shown in UGS, 23A-23B is tape level ',

Lift mechanism 518 is located underncath tape level T of tape path assembly 118.
Platform 600 is positioned underneath second position 132, third position 134, and [ourth
position 136. Platform 600) is attached to third position 134, When tape 104 (not shown
in TIGS, 23A-23B) is advanced o second position 132 or lourth position 136, lill

15 mechanism 518 can be driven upward (o raise second position 132 and fourth posilion
136 (o tape level T, Platlorm 600 is raised and lowered with shall 604 extending helween
first linkage 606 and second linkage 608. In allernate embadiments, platform 600 could
be split to allow portions beneath second position 132 and fourth position 136 to be raised
and lowered separately.

20 Lift mechanism 518 is driven by actuator 610, Actuator 610 rotates drive pulley
612, which in turn rotates timing pulley 614 on shafl 604 with belt 616. In this manner,
platform 600 can be driven upward (as scen in FIG. 23B) so that sccond position 132 and
[ourth position 136 arc at tape level 1. This supports tape 104 as tape 104 is processed at
second position 132 and lourth position 136,

25 FIG. 24 is a front perspective view of thermal units 620 and 622 on tape path
assembly 118, 'Tape path assembly 118 includes second position 132, third position 134,
thermal unit 620, and thermal unit 622. Thermal unii 620 includes thermoelectric
modules (I'1EMs) 624, Thermal unit 622 includes T1iMs 626,

Thermal units 620 and 622 are positioned in lape path assembly 118, Thermal

30 unit 620 is positioned at sccond position 132 and thermal unit 622 is positioned at third
position 134, In the emhodiment shown in I'IG, 24, thermal unit 620 includes two T1:Ms
624 and thermal unit 622 includes two TEMs 626, In alternate cmbodiments, thermal
units 620 and 622 can include any number of T1iMs 624 or 626, or any olher mechanism

capable of heating or cooling sccond position 132 and third position 134. When heating
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or cooling is needed, electricity (lows through 'T'liMs 624 and 626 in one direction lor
heating and in the other direction lor cooling, 'This allows thermal uniis 620 and 622 (o
either cool or heal the hiological sample and reagent mixlure in tape 104 in second
position 132 and third position 134.
5 I'1G, 25 is a botlom view ol [luid paths 630 and 640 on Lape path assembly 118,
Tape path asscmbly 118 includes second position 132, third position 134, fourth position
136, thermal unit 620, thermal unit 622, [luid path 630), inlel porl 632, outlel port 634,
fluid path 640, inlct port 642, and outlet port 644.
I'luid paths 630 and 640 are positioned in tape path assembly 118, 1luid path 630
10 ispositioned at second position 132 and (luid path 640 is positioned a1 third position 134,
Fluid path 630 is connected to inlet port 632 at a first end and to outlet port 634 at a
second end, 1'luid path 64() is connecled (o inlet porl 642 al a [irst end and (o outlel port
644 at a sccond end. Fluid paths 630 and 6440 arc cavitics that curve back and forth under
second position 132 and third position 134, 1'luid [rom a reservoir (not shown in I'l(G. 26)
15 can be delivered into [luid paths 630 and 640 through inlet ports 632 and 642,
respectively, 'This [Tuid can then low through (Tuid paths 630 and 640 1o exchange heat
wilh components positioned above [uid paths 630 and 640 al second position 132 and
third position 134, respectively. The fluid in fluid paths 630 and 640 can then flow out
through outlet ports 634 and 644, respectively. Routing the [luid underneath second
20 position 132 and third position 134 in this manner allows the space on the top surtface of
second position 132 and third position 134 w0 hold components that require regulated
temperatures.
I'IG. 26A is a partially transparcent side view of retractable hold down 520. I'IG.
268 is a back perspectlive view ol reiractable hold down 520 on tape path assembly 118
25  with retractable hold down 520 in a retracted position. FIG. 26C is a back perspective
view ol retractable hold down 520 on tape path assembly 118 with retractable hold down
520 in an extended position. T'ape path assembly 118 includes second position 132, third
position 134, fourth position 136, and retractable hold down 520, Retracltable hold down
520 includes roller 650, arm 652, track roller 634, track 656, air cylinder 638, inlei port
30 660, inlet port 662, and bars 664.
Retractable hold down 520 is positioned over third position 134 and can be moved
between an extended and a retracted position.  Retractable hold down 520 includes roller
650 allached Lo a first end ol arm 652, When retractable hold down 520 is in an extended

position, arm 652 can be extended out and down so that roller 650 can hold down tape
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104 in second position 132, A second end ol arm 632 is atiached (o track roller 654,
"I'rack roller 634 is positioned in and rolls along track 656 Lo move arm 652 and roller 650
belween an extended and a retracted position.
Retractable hold down 520 turther includes air cylinder 658, Inlet port 660 and
5  inlet port 662 are allached Lo air cylinder 658, Air can [low through inlet port 660 and
inlet port 662 into air cylinder 658, A first end of bars 664 arc positioned in air cylinder
658. Bars 664 slide in and out ol air cylinder 658, moving air cylinder 658 between a
retracted and extended position. A sccond end of bars 664 is attached to arm 652,
To move retractable hold down 520 rom a retracted 1o an exlended position, air

10 can [low through inlet port 660 into air cylinder 658, As air from inlet port 660 [lows
into air cylinder 658 it causcs bars 664 to cxtend out of air cylinder 658, This causcs
track roller 654 to slide along (rack 656 so that arm 652 can move 1o an extended
position. Track 656 has a first end that is positioned at an clevation that is lower than the
elevation of a second end ol track 656. As track roller 654 moves [rom the [lirst end 1o the

15 second end ol irack 656, the second end of arm 652 will be driven upward, 'This in lurn
causes the [irst end of arm 652 10 be driven down. ‘This motion can lorce roller 650 on
the first end ol arm 6532 down against lape 104 and/or second position 132 ol Lape path
asscmbly 118.

To move retractable hold down 520 from an extended position 10 a retracted

20 position, air can flow through inlet port 662 into air cylinder 658, As air from inlet port
662 llows into air cylinder 6358 it causes bars 664 o retract back into air eylinder 658,
This causcs track roller 654 to slide along track 656 so that arm 652 can move to a
retracted position. ‘This motion will cause roller 630 on the [irst end of arm 652 10 move
up [rom tape 104 and/or second position 132 of 1ape path assemhly 118,

25 When a leading edge, positioning hole, or other identifying mark of tape 104 (not
shown) is detected by a sensor positioned along tape path assembly 118, retraclable hold
down 520 can extend roller 650 1o hold down the leading edge or a middle portion of tape
104, Tape 104 can be processed when roller 650 of retraciable hold down 520 is
extended, After tape 104 is processed, retraciable hold down 520) can retract and allow

30 tape 104 to be turther processed or advanced to third position 134. For example, roller
650 can be extended o hold down tape 104 at second position 132 while tape 104 is
being dispensed into. After tape 104 has been dispensed into, roller 630 can be retracted

and a sealing operation can be performed. In this manner, multiple operations, such as
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dispensing and sealing, can be performed on the same portion of tape 104 at the same
location reducing the overall size ol instrument 100),
I'IG. 27 is a perspectlive view ol rewind assembly 108, Rewind assembly 108 can
be attached to cart assembly 101 and aligned with tape path assembly 118 to accumulate
5  processed lape leaving Lape path assembly 118 (see 1'IGS. 1B-1C). Rewind assembly 108
includes mounting bracket 670, motor 672, shaft 674, spool 676, retainer clips 678, and
spool retainer 680,
Mounting bracket 670 attaches rewind assembly 108 to cart assembly 101 (see
I'IGS. 1B-1C), Motor 672 is atiached (o shali 674, Shall 674 mechanically engages

10 spool 676. Spool 676 is secured on shalt 674 with spool retainer 680. Rotation of motor
672 is synchronized with movement of tape 104 through tape path assembly 118, Once
tape 104 begins 1o exil lape path assembly 118, tape 104 is attached o spool 676 using
tape or another attaching means. Rotation of motor 672 causes spool 676 to rotate and
accunwlale tape 104 on spool 676, Alter processing of all arrays ol tape 104 is complete,

15 lape 104 is secured o spool 676 with retainer clips 678, Spool 676 can be removed [rom
rewind assembly 108 by removing spool retainer 680 and sliding spool 676 olT of shali
674,

DISPENSING ASSEMBLY
I'1G, 28 is an isomelric view ol instrument 100 with dispensing assembly 114,

20 Ihspensing assembly 114 includes pantry x-axis track 702, gantry y-axis track 704,
dispensing enclosure 706, and dispensing head 708, Ganiry x-axis track 702 includes
actuator 710, drive belt 712, and cable carrier 714, Gantry y-axis track 704 includes
acluator 716, drive belt 718, and cable carrier 720, Actuator 710 is connected to drive
bell 712, and actuator 716 is connecled 1o drive belt 718.

25 (rantry x-axis track 702 and gantry y-axis track 704 allow dispensing enclosure
706 and dispensing head 708 0 move in the x and y directions within instrument 100.
Ganiry y-axis track 704 is connecled (o cable carrier 714, Dispensing enclosure 706 sils
on top of gantry y-axis track 704 and is connected 1o dispensing head 708 and cable
carrier 720, Cable carrier 714 and cable carrier 720 guide wiring and tubing going (0

30 dispensing enclosure 706 and dispensing head 708, Dispensing head 708 sits underneath
gantry y-axis track 704, Dispensing enclosure 706 and dispensing head 708 can move
simultancously along gantry y-axis track 704.

In order 10 move ganiry y-axis track 704 with dispensing enclosure 706 and

dispensing head 708 in the x direction along gantry x-axis track 702, actuator 710 drives
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drive bell 712, Drive belt 712 moves gantry y-axis track 704 along gantry x-axis track

702, Cable carrier 714 includes a stationary end (hat does nol move and an end atlached

o ganlry y-axis track 704 that moves along with gantry y-axis track 704, Cable carrier

714 holds all cabling and tubing required for dispensing asscembly 114 properly aligned

5  when gantry y-axis track 704 moves along ganiry x-axis track 702, In the embodiment

shown, actuator 710} is a scrvo motor, and the shaft rotation position of the servo motor is

controlled by the control systems ol instrument 100, including an indusirial PC and
associated interface cards in clectronic assembly 124,

In order 10 move dispensing enclosure 706 and dispensing head 708 in the y

10 direclion along gantry y-axis track 704, actuator 716 drives drive belt 718, Drive bell 718
moves dispensing enclosure 706 and dispensing head 708 along gantry y-axis track 704.
Cable carrier 720 includes a stationary end that does nol move and an end attached 1o
dispensing enclosure 706 that moves along with dispensing enclosure 706. Cable carrier
720 keeps all cables and tubes required [or dispensing assembly 114 properly aligned

15 when dispensing enclosure 706 and dispensing head 708 move in the y direction along
ganlry y-axis track 704. In the embodiment shown, actuator 710 is a servo motor, and the
shall rotation position ol the servo motor is controlled by the control systems of
instrument 100, including an industrial PC and associated interface cards in clectronic
assembly 124,

20 Dispensing asscmbly 114 aspirates a sample or a reagent from a sample plate or a
reagent plate and dispenses the sample or reagent into the wells ol (ape 104 positioned at
sceond position 132 of tape path assembly 118, Dispensing assembly 114 moves
dispensing enclosure 706 and dispensing head 708 in the x direction and in the y direction
along ganlry x-axis track 702 and gantry y-axis track 704 in order (o position dispensing

25  cenclosure 706 and dispensing head 708 above a sample plate or reagent plate. Tdspensing
assembly 114 then extends dispensing head 708 in the » direclion in order (o aspirale a
sample or reagent [rom the sample plale or reagent plate, 1dispensing assembly 114
subsequently retracts dispensing head 708 in the » direclion and again moves dispensing
enclosure 706 and dispensing head 708 in the x direction and in the y direction in order (o

30 position dispensing enclosure 706 and dispensing head 708 above tape 104, Dispensing
assembly 114 then extends dispensing head 708 in the » direction in order Lo dispense the
sample or reagent into the wells of tape 104, While aspirating or dispensing, if
necessary, dispensing assembly 114 can move dispensing head 708 in the x direction, y

direction, and z direction to re-position dispensing head 708,
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I'1G, 29 is a schemalic view of dispensing assembly 114 seen in G, 28,
Dispensing assembly 114 includes gantry x-axis (rack 702, ganlry y-axis track 704,
dispensing enclosure 706, and dispensing head 708, Ganiry x-axis track 702 includes

actuator 710, drive belt 712, and cable carrier 714, Gantry y-axis track 704 includes

N

actuator 716, drive bell 718, and cable carrier 720, Dispensing enclosure 706 includes
pressure reservoir 722, metering pump 724, manitold 726, system fluid supply and waste
728, and electronics 730, Dispensing head 708 includes contact dispensing unit 732 and
non-contact dispensing unit 734.
Dispensing assembly 114 combines multiple dispensing technologies into a single
10 head by providing both contact and non-contact dispensing with dispensing head 708,
Gantry x-axis track 702 and gantry y-axis track 704 provide shared x- and y- axes for
dispensing head 708, which reduces cost and conserves space within instrument 100),
FIG. 30 is a perspective view of pantry y-axis track 704, dispensing enclosure
706, and dispensing head 708 ol dispensing assembly 114 seen in I'lGG, 28. Gantry y-axis
15 wack 704 includes acluator 716, drive bell 718, and cable carrier 720, Dispensing
enclosure 706 includes manilold 726 with channels 736. Dispensing head 708 includes
conlact dispensing unit 732 with pipetle tips 738 and non-conlact dispensing unit 734
with jet tips 740 and valves 742, Tubes 744 connect non-contact dispensing unit 734 to
dispensing enclosure 706, T'ubes 744 are attached o jel tips 740 and (o channels 736 of
20 manitold 726.
As shown in I'IGS, 28-30, contact dispensing unit 732 dispenses a liquid inlo lape
104 (not shown). In an altcrnative embodiment, contact dispensing unit 732 can dispense
a liquid into a plate with a plurality of wells, such as a microtiter plate. In an alternative
embodiment, contact dispensing unit 732 may dispense onto a [lal surlace. Conlact
25  dispensing unit 732 can be a parallel channel pipettor.  Contact dispensing unit 732
aspirates and dispenses liquid with pipette lips 738, 'The liquid can he a hiological
sample, In an allernalive emhbodiment, the liquid can be a reagent, Contact dispensing
unit 732 may include a single pipette tip 738, In alternative embodiments, contact
dispensing unilt 732 may include any number of pipetie lips 738 including 96 pipelte tips
30 738 or 384 pipette tips 738.  Contact dispensing unit 732 dispenses a liquid while the
liquid is still in tips 740, Tips 740 come inlo coniacl with the wells into which the liquid
is dispensed.
Non-contact dispensing unil 734 dispenses a liquid into tape 104, In an allernative

cmbodiment, non-contact dispensing unit 734 can dispense a ligquid into a plate with a
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plurality ol wells, such as a microtiter plate. In an alternative embodiment, non-conlact
dispensing unit 734 may dispense onto a [(lal surface, Non-contact dispensing unit 734
can be an independent channel non-contact jet dispenser, Non-contact dispensing unit
732 aspirates and dispenses ligquid with jet tips 740. The liquid can be a reagent. In an
5  allernative embodiment, the liquid can be a biclogical sample. Non-conlact dispensing
unit 732 may include a single jet tip 740.  In alternative cmbodiments, non-contact
dispensing unit 732 may include any number of jet tips 740, including two, lour, eight, or
sixteen jet tips 740. When non-contact dispensing unit 732 dispenses a liquid, the liquid
separales [rom jet tips 740 and only the liquid comes into contact with the wells into
10 which the liquid is dispensed.

In order to scparate a liquid from jet tips 740, metering pump 724 of dispensing
enclosure 706 pressurizes pressure reservoir 722, tubes 744 and jet tips 740 1o a desired
pressure based on dispense fluid viscosity and a desired dispensing volume.  Pressure
reservoir 722 is used (o store pressure crealed by metering pump 724, Pressure reservoir

15 722 provides a consiant pressure [or dispensing. In order 1o dispense the liquid,
electronics 730 actuales valves 742 (o open valves 742, and the pressure in lubes 744
allows the liquid (o shoot out [rom jet tips 740. In the embodiment shown, valves 742 are
solenoid valves. Valves 742 may be opened one at a time in order to dispense liquid from
jel lips 740 one al a time. In an alternative embodiment, valves 742 may be opened

20 simultancously in order to dispense liquid from jet tips 740 at the same time. As stated
above in relerence (o I'IG. 28, dispensing enclosure 706 and dispensing head 708 are
connccted and move simultancously along gantry y-axis track 704, This prevents
bending and stretching ol (ubes 744 during dispensing, thereby minimizing pressure
(luctuations within tubes 744, Reducing pressure [luctuations in tubes 744 improves the

25  dispensing accuracy of non-contact dispensing unit 734, especially at low dispensing
volumes such as 800 nanoliters.

I'IG, 31A is an isometric view ol dispensing head 708 with contact dispensing unil
732 in an extended position and non-contact dispensing unit 734 with jet tips 740 in a
retracled position. IIG. 31B is an isometric view ol dispensing head 708 with conlact

30 dispensing unit 732 in a retracted position and non-contact dispensing unit 734 in an
extended position, Non-coniact dispensing unit 734 includes jet tips 740 and valves 742,
In addition to contact dispensing unit 732 and non-contact dispensing unit 734,
dispensing head 708 includes [irst v-axis (rack 746 with rails 748, spring 750, and

actuator 752. Dispensing head 708 also includes sccond z-axis track 754 with rail 756,
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spring 738 (shown in UG, 31C), and actuaior 760, Actualor 752 moves contacl
dispensing unit 732 in the » direction along rails 748, Actluator 760 moves non-conlaci
dispensing unil 734 in the » direction along rail 756,
FIG. 31C is a partially transparcnt perspective view of first z-axis track 746 and
5  second z-axis track 754 ol dispensing head 708 seen in I'IGS, 31A-31B., Non-contacl
dispensing unit 734 with jet tips 740 is attached to sccond z-axis track 754, First z-axis
track 746 includes rails 748, spring 750, acluator 752, allachment plate 762, line pilch
adjustment mechanism 764, pivot bolt 766, and identification mechanism 768. Sccond z-
axis track 754 includes rail 756, spring 758, and actuator 760,
10 As shown in I'IGS. 30, 31A, 31B, and 31C, in the embaodiment shown, [irst z-axis
track 746 is attached to gantry y-axis track 704, Contact dispensing unit 732 is attached
Lo and moves along [irst z-axis track 746, and non-contact dispensing unit 734 is atlached
to and moves along sccond z-axis track 754, In the embodiment shown, second z-axis
track 754 is atlached 1o contact dispensing unit 732 such that second z-axis track 754 and
15 mnon-contact dispensing unit 734 move in the 7 direction when contact dispensing unit 732
moves in the » direction along [lirst z-axis track 746, In an alternative embodiment,
second z-axis track 754 can be attached 1o gantry y-axis track 704 such that non-contact
dispensing unit 734 moves in the z direction only along sccond z-axis track 754,
independent [rom the s-axis motion ol contact dispensing unit 732, In an another
20 alternative embodiment, where sccond z-axis track 754 is attached to gantry y-axis track
704, lirst z-axis track 746 can be allached 1o non-contact dispensing unit 734 such that
first z-axis track 746 and contact dispensing unit 732 move in the z direction when non-
contact dispensing unit 734 moves in the z direction along second z-axis (rack 754, In an
alternative embodiment, each individual valve 742 allached Lo a corresponding jel lip 740
25  can be mounted to an independent z-axis track to cnable cach individual valve 742 and
corresponding jel lip 740 10 move independently in the 7 direction.
Contact dispensing unil 732 allaches (o allachment plate 762 ol first z-axis track
746. Prior 1o atlaching contact dispensing unit 732, [ine piich adjustment mechanism 764
rolates attachment plate 762 arcund pivol boll 766 in order to adjust the angle of
30 attachment plate 762. This cnsures that contact dispensing unit 732 is attached to
attachment plate 762 such thal pipette tips 738 are aligned and level with the matrix of
wells of tape 104, sample plate, or reagent plate for aspiration and dispensing.
When conlact dispensing unit 732 is in an exlended position, spring 750 is

compressed. In the event of a loss of power to actuator 752, spring 750 will hold the z
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direction position ol contact dispensing unit 732 or retract conlact dispensing unit 732
along [irst »-axis track 746. 'This prevenis damage (o pipelle tips 738 and serves as a
salely mechanism in the evenl a user is interacting with dispensing head 708 inside
instument 100. In alternative embodiments, a gas shock, alternate type of spring, or
5 [riction limil via a gear train can be used. Second r-axis track 754 include spring 738,
which functions in the same manner as spring 750 in order to hold the z direction position
of non-contact dispensing unit 734 or retract non-contact dispensing unit 734 in the event
of a loss of powcer to actuator 760, This prevents damage to jet tips 740 and scrves as a
salely mechanism in the evenl an operator is interacting with dispensing head 708 inside
10 instrument 100,

In order to aspirate and dispense, contact dispensing unit 732 moves along first z-
axis (rack 746 to an exiended position {(I'IG. 31A). Non-contact dispensing unit 734
remains in a retracted position along sccond z-axis track 754, In order to aspirate and
dispense, non-contact dispensing unilt 734 moves along second r-axis track 754 into an

15 extended position (I'lG, 31B) such ihat jet tips 740 exlend pasl conlact dispensing unit
732, Conlacl dispensing unit 732 can be in an extended position or a retracled position
when non-contact dispensing unit 734 aspirates and dispenses. During or prior 0
aspiration or dispensing, identification mechanism 768 can read an identifier, such as a
barcode, ofl ol tape 104, a sample plate, or a reagenl plate (o identily the contents and

20 configuration of tape 104, the sample plate, or the reagent plate. In one ¢embodiment,
identilfication mechanism 768 can he a camera. In an allermalive embodiment,
identification mechanism 768 can be a radio frequency identification reader used in
combination with radio [requency identification tags on or in lape 104, a sample plate, or
a reagenl plate 1o identily the conliguration and contents ol tape 104, the sample plate, or

25  the reagent plate.

I'IGS. 32A is a transparenl isomeiric view ol dispensing enclosure 706 of
dispensing assembly 114 seen in I'IGS. 28-30. 1'1G. 32B is a perspecltive view of
dispensing enclosure 706. 1IGS. 32A-32B are (ransparent 10 show the components
enclosed in dispensing enclosure 706, Dispensing enclosure 706 includes pressure

30 reservoir 722, metering pump 724, manitold 726 with channels 736, system fluid supply
and waste 728, electronics 730, pressure reservoir valve 770, and pressure sensor 772,
System fluid supply and waste 728 includes supply port 774, waste port 776, and system
Muid valve 778, Supply porl 774 is connected 1o a system [luid supply and waste port 776

is connected to a waste receptacle.
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I'IG. 33 is a schemalic diagram of non-contact dispensing components of
dispensing enclosure 706 and the dispensing head 708 seen in I'IGS, 31A-31C and 32A-
32B. Dispensing enclosure 706 includes pressure reservoir 722, metering pump 724,
manifold 726 with channcls 736, system fluid supply and waste 728, pressure reservoir

5 wvalve 770, pressure sensor 772, check valve 780, and [ilter 782. System [luid supply and
waste 728 includes supply port 774, waste port 776, system fluid valve 778, and check
valve 784. Non-contact dispensing unil 734 includes jet tips 740 and valves 742, 'l'ubes
744 conncct non-contact dispensing unit 734 to dispensing enclosure 706. Tubes 744 arc
attached to jet tips 740 and o channels 736 ol manifold 726.

10 As shown in I'IGS. 32A-32B and I'lG. 33, dispensing enclosure 706 is connected
to jet tips 740 with tubes 744. Tubes 744 are connected to manitold 726 through channels
736, and each ol tubes 744 is connecied 1o each ol jet lips 740, PPressure sensor 772
measures the pressure in manifold 726, which is the same as the pressure in tubes 744,
Valves 742 open and close jet lips 740. lilectronics 730 provides power 1o and assists in

15 the control ol all components ol dispensing enclosure 706 and dispensing head 708, In
the embodiment shown, electronics 730) is a printed circuit hoard,

Metering pump 724 supplies the system [luid (low needed 1o wash and pressurize
non-contact dispensing system 36 and dispensing enclosure 706, Metering pump 724 is
connected 1o pressure reservoir valve 770 and system [luid valve 778, Supply port 774 is

20 connected to a system fluid supply and waste port 776 is connected to a waste receptacle.
System [uid, such as walter, enters dispensing enclosure 706 through supply port 774 and
system waste fluid leaves through waste port 776, System fluid valve 778 controls
system [luid into and waste [low out ol dispensing enclosure 706 and through metering
pump 724, Pressure reservoir 722 is connecled Lo pressure reservoir valve 770, Pressure

25 reservoir valve 770 controls system fluid flow into and out of pressure reservoir 722.
Pressure sensor 772 measures the pressure in pressure reservoir 722 in order 1o determine
whether a desired pressure in pressure reservoir 722 has been reached, Check valve 780
allows ambient air inlo pressure reservoir 722 il the pressure in pressure reservoir 722
drops below atmospheric pressure, lilter 782 prevents any unwanted particles from

3 entering pressure reservoir 722, Electronics 730 provides power to and contrels all
components ol dispensing enclosure 706 and dispensing head 708 except [or actuators, In
the embodiment shown, ¢lectronics 730 is a printed cirenit board.

In order 1o begin operation of dispensing enclosure 706 along with non-contacl

dispensing unit 734, non-contact dispensing unit 734 is moved into a wash position.
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Pressure reservoir valve 770 is closed and valves 742 and system [luid valve 778 are
opened. Melering pump 724 is then run [orward in order to pump system (luid through
supply port 774, through check valve 784, into manilold 726, through channels 736, inlo
tubes 744, and through jet tips 740 in order to purge any air or waste in jet tips 740, Jet
5 tps 740 and wubes 744 are now filled with system [luid and valves 742 are closed.

Non-contact dispensing unit 734 is then moved into an aspiration position above a
reagent plate. Valves 742 are opened and closed one at a time and melering pump 724 is
run backwards in order to aspiratc an air gap into cach of jet tips 740. In this
embodiment, the air gap is approximately 20,000 nanoliters. Jet tips 740 are subsequently

10 lowered into the wells ol the reagent plate, valves 742 are opened and closed one at a
time, and metering pump 724 is run backwards in order to aspirate a rcagent into jet tips
740, In this embodiment, jet tips 740 aspiraie between 80,000 and 700,000 nanoliters of
reagent into cach of jet tips 740). In alternate ecmbodiments, jet tips 740 can aspirate other
amounts of reagent based on the size of ubes 744, 'The air gap prevents system [luid and

15 the reagent [rom mixing. Once the reagent is aspiraled into one or more of jel tips 740,
pressure reservoir valve 770 is opened, metering pump 724 is tun forward, and system
(Tuid is pumped inte pressure reservoir 722 through the botlom of pressure reservoir 722,
This creates pressure by compressing the air above the system fluid in pressure reservoir
722 and pressurizing the system [luid in tubes 744, the air gap in belween the system [luid

20 and the reagent, and the reagent in tubes 744, Metering pump 724 is run until a desired
pressure is reached, the pressure corresponding 1o the viscosily and the amount of reagent
needed for dispensing.  Pressure sensor 772 measures the pressure in pressure reservoir
722 and the components of manifold 726 in order o determine when the desired pressure
is reached.

25 Non-contact dispensing unit 734 is then moved into a dispensing position above
tape 104 or above a plate. liach ol valves 742 is triggered by electronics 730 above a
desired well. Once each of valves 742 is triggered, the pressure in tubes 744 and jel tips
740 causes the reagent 10 shool out ol each of jel tips 740 and inio the wells ol lape 104,
Non-contact dispensing unit 734 is moved in the x and y directions along the matrix of

30 wells of tape 104 and valves 742 are triggered repeatedly in order to dispense the reagent
into each of the wells ol tape 104, Jetl tips 740 move across lape 104 in the x and y
dircctions during dispensing. In the embodiment shown, jet tips 740 move continuously
and dispense withoul having Lo stop above each well of tape 104, Non-contact dispensing

unit 734 can dispense between 100 and 3,000 nanoliters of reagent. Valves 742 can be
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triggered one al a time in order Lo dispense the reagent from each of jel tips 740 one atL a
time. In an alternative embodiment, valves 742 can be (riggered simultaneously in order
o dispense reagent into multiple wells al once, Once the reagent is dispensed into the
wells of tape 104, non-contact dispensing unit 734 can be moved back into a wash
5 position and the process can be repeated.
As shown in FIGS. 28-33, dispensing head 708 can move along gantry x-axis
track 702 and gantry y-axis (rack 704 1o aspirate and dispense a reagenl and/or a
biclogical sample with contact dispensing unit 732 and non-contact dispensing unit 734 in
a variety of sequences, In one embodiment, dispensing head 708 moves along ganiry x-
10 axis track 702 and gantry y-axis track 704 w0 a [irst aspiration position where conlact
dispensing unit 732 aspirates a first liquid into at least one of pipette tips 738. Dispensing
head 708 subsequentlly moves o a second aspiralion position where non-conlact
dispensing unit 734 aspirates a sceond liguid into at least once of jet tips 740. DIXspensing
head 708 then moves (0o a [irst dispensing posilion where conlact dispensing unit 732
15 dispenses the first liquid wiith al least one ol pipetle lips 738, linally dispensing head 708
moves 1o a second dispensing position where non-contact dispensing unit 734 dispenses
the second liquid with at least one ol jel tips 740, 'This aspiraiing and dispensing
scquence minimizes evaporation of the first and sceond liguids during the sequence. In
alternative embodiment that also minimizes evaporation of the first and second liquids,
20 the sequence can be such that non-contact dispensing unit 734 aspirates, contact
dispensing unit 732 aspirales, non-conlacl dispensing unit 734 dispenses, and coniact
dispensing unit 732 dispenses.
In another alternative embodiment, non-contact dispensing unil 734 aspirales,
conlact dispensing unit 732 aspirates, contlact dispensing unit 732 dispenses, and non-
25  contact dispensing unit 734 dispenses.  This sequence minimizes the time a liquid is in
pipetle tips 738 ol contact dispensing unit 732 beflore the liquid is dispensed. In another
alternative embodiment, contact dispensing unit 732 aspirales, non-contacl dispensing
unit 734 aspirates, non-contact dispensing unit 734 dispenses, and conlact dispensing unil
732 dispenses, This sequence minimizes the time a liquid is in jet tips 740 of non-contact
30 dispensing unit 734 before the liquid is dispensed.
TAPE SEALING ASSEMBLY
FIG. 34A is an isometric view of instrument 100 with tape scaling assembly 120),
Tape sealing assembly 120 includes applicator 800 and locking mechanism 802, Seal

web 804 is sccured to scal assembly 120 with locking mechanism 802, FIG. 34B is a
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perspective view ol seal web 804 with seals 106 on backer 806. T'ape sealing assembly
120 peels seals 106 olT of backer 806 ol seal weh 804, Applicator 800 ol lape sealing
assembly 120 seals tape 104 with seals 106 after a hiological sample and a reagent have

been dispensed into tape 104, Scals 106 contain the biological sample and rcagent

N

mixture in lape 104 and prevent spillage, evaporation, and contamination ol the biclogical

sample and reagent mixture in tape 104,

I'1G. 35 is a perspectlive view of lape sealing assembly 120 positioned adjacent (o
tape path assembly 118. Tape path assembly 118 includes first position 130, sccond
position 132, third position 134, and lourth position 136, Tape sealing assembly 120
10 includes head 808. Tape sealing assembly 120 can be moved in the y direction normal 1o

tape path asscmbly 118 and in the x direction parallel to tape path assembly 118, Thus,
tape sealing assembly 120 can be positioned adjacent 1o lape path assembly 118, with
head 808 positioned at second position 132, Tape scaling assembly 120 scals tape 104 at
second position 132 aflier the biological sample and reagent are dispensed.

15 I'IG. 36A is a lop view of lape sealing assembly 120 within instrument 100,
I'IGS. 368 and 36C are perspective views of lape sealing assembly 120, Tape sealing
assembly 120 includes x-axis drive mechanism 810 with actuator 812 and drive bell 814,
y-uxis drive mechanism 816 with actuator 818 and drive belt 820, x-axis stage 822, x-axis
rails 824, y-axis slage 826, and y-axis rails 828. X-axis drive mechanism 810 is

20 connected to x-axis stage 822, Y-axis drive mechanism 816 is connected o y-axis stage
826. X-axis slage 822 is installed on x-axis rails 824, and y-axis stage 8§26 is installed on
y-uxis rails 828. Y-axis rails 828 arc installed on x-axis stage 822,

X-axis drive mechanism 810 and y-axis drive mechanism 816 move (ape scaling
assembly 120 in the x and y directions in order 1o align Lape sealing assembly 120 with

25  tape path assembly 118 such that scal 106 can be properly applied to tape 104, To move
lape sealing assembly 120 in the x direclion, actuator 812 drives drive bell 814,
transferring motion (o x-axis stage 822 and moving x-axis slage across x-axis rails 824,
In the embodiments shown in I'IGS, 36A-36C, actuator 812 is a motor, In allernate
emhodiments, actuator 8§12 can drive drive bell 814 with any suitable mechanism such as,

30 for example, an clectric motor, a pnenmatic motor, or a hydraulic motor, To move tape

sealing assembly 120 in the y direction, actualor 8§18 drives drive belt 820, (ranslerring

motion to y-uxis stage 826 and moving y-axis stage 826 across y-axis rails 828, In the

embodiment shown in IIGS, 36A-36C, actwaltor 818 is a motor, In allernate

n
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emhodiments, actualor 8§18 can drive drive bell 820 with any suitable mechanism such as,
[or example, an electric molor, a pneumatic molor, or a hydraulic motor,
I'IG. 37A is an isometric view of a portion ol tape sealing assembly 120, 1'IG.
37B is a side view of tape scaling assembly 120 with threading path B, Tape scaling
5 assembly 120 includes seal web 804, head 808, spool holder 830 with locking mechanism
802, scnsor 834, peel plate 836 with bottom edge 838, backer take-up mechanism 840,
lever 862, and slip clutch 8§74, Backer take-up mechanism 840 includes in-feed guide
842, top guide 844, out-feed guide 846, drive roller 848, friction roller 849, tension bar
856, tension spring 857, shall 838, shall actuator 860, and lixed idler 864, Seal web 804

10 s installed on spool holder 830 and threaded through tape sealing assembly 120 along
threading path B.

Prior Lo threading seal web 804 through tape sealing assembly 120, seal web 804
is placed on spool holder 830 and locking mechanism 802 sccures scal web 804 in tape
sealing assembly 120. In the embodiments shown in I'IGS. 37A-37B, locking mechanism

15 802 is a knob locking mechanism (shown in [urther deiail in VIGS, 39A-39B), In
allernate embodiments, locking mechanism 802 can secure seal web 804 with any
suilable mechanism, such as a cam lock and lever, Beflore seal web 804 is manually
threaded through tape scaling assembly 120, a number of scals 106 can be removed such
that enly backer 806 is manually threaded.

20 Once scal web 804 is secured on spool holder 830, lever 862 is rotated clockwise
approximalely ninely degrees o open threading path B (see 1'IGS. 38B-38C lor more
detail), and scal web 804 can be manually threaded along threading path B through tape
scaling assembly 120. Scal web 804 is [irst routed across pecel plate 836 and around
bottom edge 838 of peel plate 836. Seal web 804 enters backer Lake-up mechanism §40)

25  through in-feed guide 842, Scal web 804 is manually advanced past in-feed guide 842,
lop guide 844, oul-feed guide 846, and oul the back ol backer take-up mechanism 840.
Seal web 804 is manually advanced past lixed idler 864 and [lastened to shalt 838,
Threading path B is then closed by rotating lever 862 counter-clockwise, returning lever
862 1o its original position (see I'IGS. 38A-38B [or more detail). When threading path B

30 is closed, friction roller 849 clamps backer 806 against drive roller 848, Tension spring
857 determines the amount ol clamping lorce, In one embadiment, seal web 804 can be
fastened to a disposable take-up core (not shown) attached to shatt 858, The usc of a

disposable lake-up core simplilies removal ol backer 806 [rom Lape sealing assembly 120
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aller seals 106 have been removed [rom seal web 804, leaving backer 806 wound around
the disposable take-up core (not shown),
Once seal web 804 has been manually threaded through lape sealing assembly
120, seal web 804 can be automatically advanced through tape scaling assembly 120
5 along threading path B, 'lT'o automatically advance seal web 804, actuator 850 drives
drive roller 848 to advance scal web 804 between friction roller 849 and drive roller 848.
Slip clutch 874 of spool holder 830 maintains a desired level of tension in seal web 804
over bottom edge 838 of peel plate 836 and along threading path B between spool holder
830, drive roller 848, and [riction roller 849. Aflter 1ape sealing assembly 120 has
10 aulomaltically advanced seal web 804, shall actuator 860 rotates shall 858 (o 1ake up slack
created in scal web 804 along threading path B between shaft 858 and drive roller 848
and [riction roller 849, Shall 858 can wind or rewind backer 806. As backer 806 from
scal web 804 is wound around shaft 858, tixed idler 864 can come into contact with scal
web 804, As seal web 804 progresses through Lape sealing assembly 120 and seals 106
15 are removed [rom backer 806, backer 806 is wound around shaft 858. Backer 806 wound
around shall 858 can be disposed once shali 858 is [ull,
As backer Lake-up mechanism 840 automatically advances seal web 804, sensor
834 detects the location of scal 106 on scal web 804 via sensor path 5. Scnsor 834
signals backer 1ake-up mechanism 840 1o stop advancing seal web 804 when seal 106 is
20 positioned on peel plate 836. Bottom cdge 838 of peel plate 836 can have a small radius
Lo lacilitate seal peeling when tape sealing assembly 120 is automatically advancing seal
web 804, As scal web 804 moves across peel plate 836 and passes around bottom edge
838, scensor 834 signals backer take-up mechanism 840 o stop advancing scal web 304
just before seal 106 moves past botlom edge 838 of peel plate 836 and begins Lo separate
25  from backer 806. Bottom cdge 838 of peel plate 836 is angled such that when seal 106
moves past hotlom edge 838, a leading edge ol seal 106 is separaled [tom backer 806, In
aliernale embodiments, a second sensor may he used Lo sense when a leading edge ol seal
106 has passed by bollom edge 838 thereby indicating thal the Teading edge ol seal 106
has separated [rom backer 806.
30 FIG. 38A is a perspective view of backer take-up mechanism 844, FIG. 38B is a
side view of backer taker-up mechanism 840 with [riction roller 849 in a closed position,
FIG. 38C is a side view of backer taker-up mechanism 840 with friction roller 849 in an

open position, Backer lake-up mechanism 840 includes in-feed guide 842, 1op guide 8§44,
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mounl 843, oul-feed guide 846, drive roller 848, [riction roller 849, actuator 830, pulley
852, drive bell 854, iension bar 836, lension spring 837, lever 862, and cam 863,

While seal web 804 is automaltically advanced through backer take-up mechanism

840, scal web 804 is pinched between friction roller 849 and drive roller 848 such that

5 [riction roller 849 rotates al the same rate as drive roller 848, In order o allow seal web

804 to be manually threaded through threading path B (shown in FIG. 37B), lever 862

can be rotated approximalely ninety degrees clockwise 10 rolate [riction roller 849 away

from drive roller 848, This moves friction roller 849 from the closed position scen in

I'lG. 38B 1o the open position seen in I'IG. 38C. Once [riction roller 849 is in an open

10 posilion, seal web 804 can be manually threaded through threading path B, passing by in-
feed guide 842 and top guide 844, between friction roller 849 and drive roller 848, and
over oul-feed guide 846. lever 862 can then be rolaled counter-clockwise 1o rolale
friction roller 849 back to a closed position in which scal web 804 is pinched between
drive roller 848 and friction roller 849,

15 I'riction roller 849 is opened and closed by rotation of lever 862, lever 862 is
allached Lo cam 863 and tension bar 836 such that when lever 862 is rotated, cam 863
rolates as well, When lever 862 is rolaled clockwise, cam 863 pushes against mount 8435,
rotating tension bar 856 clockwise to the position in FIG. 38C. The clockwise rotation of
tension bar 856 moves [riction roller 849 away [rom drive roller 848 such that [riction

20 roller 849 no longer contacts drive roller 848, This makes it possible for scal web 804 to
be manually fed into backer take-up mechanism 840. Afler seal web 804 has been
manually fed into backer take-up mechanism 840, lever 862 can be rotated counter-
clockwise 10 rotale cam 863 in the opposile dircclion o return (ension bar 856 (o the
position in I'IG. 38B. 'This allows spring 857, which pulls on tension bar 856, 1o pull

25  friction roller 849 into drive roller 848 until scal web 804 is pinched between drive roller
848 and (riction roller 849 with a determined amount ol force, 'This makes il possible o
automatically advance seal web 804,

I'IGS. 39A-39B are cross-sectional views ol spool holder 830, with locking
mechanism 802 in an unlocked position in I'IG. 39A, and locking mechanism 802 in a

30 locked position in FI(r. 39B. Spool holder 830 includes locking mechanism 802,
compression piece 866, rubber roller 868, screw 870, spool 872, and slip clutch 874,

In order to prevent spool 872 from rotating independently of spool holder 830,
spool holder 830 includes locking mechanism 802, Locking mechanism 802 is connected

to compression picce 866, which is connected to rubber roller 868, such that when
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locking mechanism 802 is locked, locking mechanism 802 presses inlo compression piece
866, which in turn compresses rubber roller 868. l.ocking mechanism 802 can be locked
or unlocked by manually rotating locking mechanism 802 around the end ol screw 870,
Locking mechanism 802 can be locked part way, thereby providing for a variable
5  pressure on rubber roller 868 and thus a variable pressure on spool 872, When locking
mechanism 802 is in the locked position, the maximum pressure is exerted by rubber
roller 868 on spool 872, When locking mechanism 802 is in (he unlocked position, no
pressure is exerted by rubber roller 868 on spool 872, When locking mechanism 802 is in
a partially locked position, a partial amount of pressure is exerled hy rubber roller 868 on
10 spool 872, In this manner, spool 872 rotates with rubber roller 868 as seal web 8§04 is
automatically advanced through tape scaling assembly 120. Slip clutch 874 is adjustable
Lo maintain a desired tension in backer 806 along threading path B (shown in I'l(G. 37B)
as scal web 804 is manually or automatically advanced through tape scaling asscmbly
120.

15 I'1G, 40 is a partially transparent perspeclive view ol applicalor 800 of tape
sealing assembly 120, 1'1G. 41 is a bottom view ol pad 876 ol applicator 800. Applicator
800 includes head 808, pad 876 having vacuum holes 878, shaft 880, actualor 882, shall
884, drive belt 886, pulleys 888, and vacuum chambers 890, Tlcad 808 is connected to
and rotates around shalt 880. Head 808 is connected (o drive bell 886. Drive belt 886
20 wraps around pulleys 8858 and shaft 884. Shatt 884 is connected to actuator 882, Tlcad
808 includes applicalor vacuum chambers 890, which [orm vacuum holes 878 in
applicator pad 876. The convex tace of head 808 is lined with pad 876, which can be
made [rom vulcanized rubber (o [acilitale compression when head 808 presses seal 106
onto tape 104, In order to move head 808, actualor 882 drives shall 884, Shall 8§84
25 rotates head 808 around shatt 880 via drive belt 886 and pulleys 888, Ilead 808 rotates

around shall 880 to peel seal 106 from seal web 804 and press seal 106 onto tape 104,
I'IGS, 42A-428 are partally transparent perspective views ol a portion ol tape
sealing assembly 120 removing seal 106 from backer 806 of seal web 804. Seal 106 is in
a peel position in I'IG. 42A, Seal 106 is completely removed [rom backer 806 in I'IG.
30 42B. Tape scaling assembly 120 includes applicator 800 (shown fully in FIG. 40), peel
plate 836 with boltom edge 838 (seen in I'l(G. 37B), and backer take-up mechanism 840
with in-feed guide 842, Applicator 800 includes head 808 with first edge 892 and sccond
edge 894, pad 876 with vacuum holes 878 (shown in I'IGS, 40-41), shaft 880, and

vacuum chambers 890 (shown in FIGr, 440)).
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Applicator 800 moves head 808 such that pad 876 laces peel plate 836 with [irst
edge 892 ol head 808 near a leading edge of seal 106 in a position 10 be peeled, Head
808 rotlates around shall 880 al the same rale that seal web 804 is advanced by hacker
take-up mechanism 840. Vacuum chambers 890 can be activated in stages such that

5 vacuum chambers 890 are activated gradually [rom first edge 892 (o second edge 894 of
head 808 as scal 106 is pecled from backer 806. Vacuum chambers 890 can be activated
only for the portion of seal 106 peeled and in contact with pad 876. When seal 106 is
completely removed from backer 806, all of vacuum chambers 8%) can be activated.
When seal 106 is completely removed [rom backer 806 and [ully captured hy head 808,

10 head 808 moves into a posilion lacing down toward Lape 104,

Backer takc-up mechanism 840 advances scal web 804 at the same rate as
applicator 800 rotates head 808 around shall 830 Lo pick up seal 106 [rom seal web 804,
In this manner, backer take-up mechanism 840 can automatically advance seal web 804
around peel plate 836 and through in-feed guide 842, and backer take-up mechanism 840

15 can work in conjunction with applicator 800 1o peel seal 106 [rom seal web 804,

I'IGS. 43A-43B are side views of 1ape sealing assembly 120 applying seal 106 (o
tape 104 at second position 132 on Lape path assembly 118, G, 43A is a side view of
tape scaling assembly 120 just betore scal 106 is applicd. FIG. 43B is a side view of tape
sealing assembly 120 just aller seal 106 is applied. Tape sealing assembly 120 includes

20 head 808, x-axis stage 822, x-axis rails 824, y-axis stage 826, and y-axis rails 828. Pad
876 is positioned on head 808 and includes vacuum holes 878 (shown in I'IGS. 40A-
40B), vacuum chambers 890 (shown in FIGS. 40A-40B), first edge 892, and second edge
894.

In order 1o apply seal 106 1o tape 104, y-axis stage 826 moves along y-axis rails

25 828 toward tape path assembly 118, At the same time, head 808 rotates downward such
that second edge 894 of pad 876 Louches down on one side of tape 104, allowing seal 106
Lo make initial contact with tape 104 (shown in I'lG. 43A). Y-axis stage 826 continues 10
advance along rails 828 in synchronized movement with the roiation ol head 808, Head
808 rocks from second edge 894 1o [irst edge 892 and then [rom second edge 894 (o [first

30 cedge 892 a first time as y-axis stage 826 advances and retracts, respectively, along y-axis
rails 828, This rocking movement applies pressure 1o seal 106 and Ltape 104 1o press seal
106 onto tape 104. In this cmbodiment, if 15 or more pounds of pressure per square inch
is applied by head 808 1o lape 104, pressure sensilive adhesive on seal 106 can be

activated. In an alternate embodiment, the amount of pressure required is dependent on
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the pressure sensitive adhesive being used. While head 808 maves across tape 104 the
first time, vacuum chambers 890 are deactivated and seal 106 is translerred to lape 104,
In an alternative embodiment, vacuum chambers 890 are not deactivated and seal 106 is

still transferred to tape 104.

N

Aller seal 106 has been applied, y-axis slage 826 moves back along y-axis rails
828, across tape 104, and actuator 812 drives x-axis stage 822 along x-axis rails 824
slightly downstream or upstream in the x direction. 'This motion shifts head 808 slightly
downstream or upstrcam from where scal 106 was appliced, and allows y-axis stage 826 to
again move lorward across tape 104 in synchronized movement with the rotation of head
10 808. Head 808 rocks [rom second edge 894 (o [irst edge 892 and then from second edge
894 to first edge 892 a sccond time as y-axis stage 826 advances and retracts,
respectively, along rails 828, 'This second rocking movement ensures Lhe pressure
scnsitive adhesive is activated over the entire surface of scal 106, including where
vacuum holes 878 were placed relative 1o lape 104 and seal 106 during the [irst rocking
15 movement of head 808,
THERMAL UNIT AND HEATED PRESSURE CHAMBER

I'1G, 44 is an isomelric view of tlape path assembly 118 that runs through
instrument 100, Tape path assembly 118 includes tirst position 130, sccond position 132,
third position 134, and [ourth position 136, Also shown in I'I(G. 45 are tape 104, thermal

20 unit 210, and heated pressure chamber 212.

Tape 104 includes a matrix of wells that can conlain a biological sample and
reagent mixture. Tape 104 is fed into tape path assembly 118 and then advances to first
position 130). Positioncd beneath [irst position 130) is a tape cutter. The tape cutler can be
actuated upward Lo cut tape 104 il desired. Tape 104 can also advance along lape path

25  assembly 118 without being cut. Tape 104 advances from first position 130 to sccond
position 132 along Lape path assembly 118, In seclion position 132, the biclogical sample
and reagent mixture are dispensed into lape 104 with dispensing assembly 114 (not
shown), The biological sample and reagent mixture mix (ogether in the matrix of wells of
tape 104 Lo create the biological sample and reagent mixture, 'The biological sample and

30 reagent mixture in tape 104 can be heated or cooled at sceond position 132 with a thermal

unit that is positioned underneath second position 132, Seal 106 can be also be placed
over the matrix of wells of tape 104 to scal the biological sample and reagent mixture in
the matrix of wells when tape 104 is in second position 132, After dispensing and

scaling, tape 104 advances to third position 134, The biological sample and rcagent
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mixture in tape 104 can be heated or cooled at third position 134 with a thermal unil thai
is positioned underneath third position 134, Tape 104 can wail at third position 134 until
instrument 100 is prepared (o analyze the biological sample and reagenl mixtlure in lape
104.

5 When instrunient 100 is ready to amplify and analyrze the biological sample and
reagent mixture, tape 104 can advance to fourth position 136, Positioned beneath fourth
position 136 is thermal unit 210 to control the temperature of the biological sample and
reagent mixture in tape 104, Positioned above fourth position 136 is heated pressure
chamber 212 (o create a conslanl pressure across the top of tape 104, Thermal unit 210

10 can be used Lo heat the hiological sample and reagent mixlure al a constant lemperature or
cycle the biological sample and reagent mixture through multiple temperatures, Ilcated
pressure chamber 212 can be sealed olT from the ambient air surrounding healed pressure
chamber 212, Tleated pressure chamber 212 pressurizes and heats the arca above fourth
position 136 so that the hiological samiple and reagent mixlure in lape 104 can he

15 analyzed. Heated pressure chamber 212 [urther heals the biological sample and reagent
mixture and prevents condensation on seal 106 covering the matrix ol wells of tape 104 o
ensure accurate analysis, liither after or during healing, the biological sample and reagent
mixture can be analyzed using a camera that is positioned above fourth position 136,

Thermal unit 210 and heated pressure chamber 212 can also be utilized o improve

20 application and adhesion of a bottom side of scal 106 to a top side of tape 104 when tape
104 is (o be used exlernal o instrument 100, In one embodiment, this use ol tape 104 can
be thermal cycling of tape 104 in a water bath., To improve application and adhesion of
scal 106 on tape 104, tape 104 is advanced into fourth position 136, thermal unit 210 is
raised, heat and pressure are applied (0o an enclosed space of healed pressure chamber

25 212, and an amount of time is allowed to clapse. In one embodiment, this time may be 60
seconds. In other embodiments, any reasonable amount of time may be used. When the
operation is complete, thermal unit 210 is lowered, heated pressure chamber 212 is raised,
and 1ape 104 can be advanced lor use external 1o instrument 100,

In this embodiment, adhesive between seal 106 and tape 104 is optimally applied

30 at greater than room temperature. Also, the foree applied to seal 106 by pressurizing the
enclosed space, and thereby pressing seal 106 against tape 104, is uniform across the
entirety of scal 106, This force helps ensure that a bottom side of scal 106 of tape 104

that is not immediately over a well ol tape 104 is in contact with a op side of ape 104.
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Thus, applying heat and pressure over time can greally improve the adhesion of seal 106

o lape 104,
I'IG, 45A is a perspeclive view of thermal unit 210 and heated pressure chamber
212, with heated pressure chamber 212 in a closed position. FIGrn 45B is a perspective
5 view of thermal unit 210 and heated pressure chamber 212, with heated pressure chamber
212 in an open position. FIG. 45C is an exploded view of thermal unit 210 and heated

pressure chamber 212, Also shown in I'lG, 45C are tape 104 and seal 106, 1'I(G. 4510 is

chamber 212,

10 Thermal unit 210 is used o control the temperature of the biclogical sample and
reagent mixture in the matrix of wells of tape 104, Tape 104 can be positioned on a top
side of thermal unit 210, Thermal unit 210 includes cavilies that are conligured Lo receive
the matrix of wells of tape 104. The cavities of thermal unit 210 are slightly smaller than
or the same sivze as the wells of lape 104 in order 1o form a solid contacl between the

15 interior surlace ol the cavities of thermal unit 210 and the exterior surface of the wells of
tape 104. ‘'Thermal unit 210 can be used to heal and cool the biclogical sample and
reagent mixture in tape 104, 'Thermal unit 210 can heat the biological sample and reagent
mixture at a constant temperature or thermal unit 210 can cycle the biological sample and
reagenl mixiure through multiple temperatures,

20 Positioned above thermal unit 210 and tape 104 is heated pressure chamber 212,
When thermal unit 210 heats a mixture in tape 104, vapor pressure in the wells ol lape
104 may cause scal 106 to delaminate from tape 104, Tleated pressure chamber 212
pressurizes the space above scal 106 of tape 104 1o create a [orce that pushes against scal
106. The pressure keeps seal 106 in contact with tape 104 and also presses the matrix of

25  wells of tape 104 into the cavities of thermal unit 210 in order to provide better heat
transler between thermal unit 210 and the biological sample and reagent mixture in the
matrix of wells of tape 104, Heated pressure chamber 212 also heals the area above tape
104 o prevent condensation [rom [orming on seal 106 so thal accurate detleclion can
oceur. lither during or aller the hiological sample and reagent mixlure are healed with

30 thermal unit 210, a camera, such as a CCD camera, positioned above heated pressure
chamber 212 can analyre the biological sample and reagent mixture in the matrix ol wells
in tape 104.

Thermal unit 210 includes first housing portion 1002, second housing portion
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1014, thermal block 1020, wells 1022, uid path 1052 (not shown in IIGS, 45A-451%),
and (luid path 1054 (not shown in I'IGS, 45A-451%), 'Thermal block 1020 includes [lirst
plate 1030, first sheet 1032, second plate 1034, second sheel 1036, thermoelectric
modules (TEMs) 1038, heat transter compound 1040 (not shown in FIGS. 45A-45E), and

5  lemperature sensor 1042, 'Thermal unit 210 will be discussed in more detail below in
FIGS. 46A-49.

Stationary [rame 990 is connected 1o lape path assembly 118, Movable (rame 992
is connected to stationary frame 990 with hinge pins 994.  Stationary frame 990 is
connected (o acluator 996 with vertical mounts 998, Acluator 996 is connectled (o

10 movable rame 292 with pin 1000. Interface brackel 1058 of heated pressure chamber
212 connccts heated pressure chamber 212 to movable frame 992, In the embodiment
shown, actuator 996 is an air cylinder, In allernative embadiments, actuator 996 can be
another type of actuator, such as a pneumatic, hydraulic, solenoid, or clectromagnetic
acluator. Actuator 996 moves heated pressure chamber 212 [rom a closed position (1I'1G.

15 45A) o an open position (I'1G. 45B) by rotaling movable [rame 992 around hinge pins
994,

Healed pressure chamber 212 includes interface brackel 1038, clamp 1060,
housing 1062, bolts 1064, glass cover plate 1066, gasket 1068, gasket 1070, insulator
plate 1071, gaskel 1072, gasket 1073, enclosed space 1074 (not shown in VIGS. 45A-

20 45B), heater plenum 1076 with air distribution orifices 1077, heating clement 1078,
compressed air [itting 1080, electrical connection 1082 {(not shown in I'lGS, 45A-451%),
mask 1084 (not shown in FIGS. 45A-45E), air pump fitting 1086, air pump fitting 1087,
air pump [itting 1088, air pump liting 1089, air pump fiting 1090, air pump fitting 1092,
air pump 1094 (not shown in I'IGS. 45A-4519), compressed air source 1096 (not shown in

25 FIGS. 45A-45E), and temperature sensor 1098 (not shown in FIGS. 45A-45E). Tleated
pressure chamber 212 will be discussed in more detail below in I'IGS, 50-52,

I'lG. 46A is a perspective view of thermal unit 210, I'1G. 468 is a perspective
view ol the bottom of thermal unit 210, I'IG. 46C is a top view ol thermal unit 210, I'IG.
4617 is an isometric view ol an array ol tape 104 on thermal unit 210, 'Thermal unit 210

30 includes first housing portion 1002, second housing portion 1004, gasket 1006, mounting
feature 1008, inlet ports 1010, outlet ports 1012, recess 1014, thermal block 1020, and
cavitics 1022, Also shown in FIG. 46D is tape 104.

Thermal unit 210 is positioned along lape path assembly 118 in instrument 100,

Thermal wnit 210 includes first housing portion 1002 positioned above sccond housing
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portion 1004, Gasket 1006 is positioned between [irst housing portion 1002 and second
housing portion 1004, Mounting leature 1008 is positioned around second housing
portion 1004, Second housing portion 1004 includes mounting leature 1008, which can

be used to mount thermal unit 210 in tape path assembly 118.

N

Thermal unit 210 also includes two inlel ports 1010 and two oullet ports 1012,
Inlet ports 1010 are positioned on a first end of thermal unit 210 and can reccive a fluid
"Ihat [uid can (low through a thermal management system in [irst housing portion 1002,
Outlet ports 1012 are positioned on a sccond end of thermal unit 210 and can expel the
(Tuid from the thermal management system in [irst housing portion 1002, Thermal unit
10 210 lurther includes recess 1014, Recess 1014 is positioned on a [first side of [irst
housing portion 1002 and extends into first housing portion 1002,
Thermal unit 210 further includes thermal block 1020, 'Thermal block 1020 is
positioned in recess 1014 and does not directly contact first housing portion 1002,
Thermal block 1020 includes a heal pump thal can be used 1o heat or cool a biological
15 sample and reagent mixlure in a matrix ol wells ol tape 104, Thermal block 1020 further
includes cavities 1022, Cavities 1022 are conligured 1o receive the matrix ol wells of
tape 104, liach cavity 1022 is sized slightly smaller than or the same as the size ol one
well on tape 104, This allows an exterior surface of cach of the wells in the matrix of
wells of tape 104 1o form a solid contact with an interior surlace of one cavity 1022,
200 Forming a solid contact between an interior swtace of cach cavity 1022 and an exterior
surface of one of the wells in the matrix of wells of tape 104 provides [or beller heal
transfer. The solid contact between cach cavity 1022 on thermal block 1020 with a well
in the matrix ol wells ol tape 104 provides better heal transfer between the heal pump in
thermal block 1020 and the biological sample and reagent mixture in the matrix of wells
25  of tape 104. Better heat transfer allows for more precise control of the temperature of the
biological sample and reagent mixture in the matrix ol wells ol tape 104,
As seen in the embodiment shown in I'IGS. 46A-46C, thermal unit 210 includes
768 cavities 1022, 'The 768 cavities 1022 include two matrices ol 384 cavities 1022 that
are arranged in an offsel and interlaced pattern. This allows cavities 1022 (o receive Lape
30 104 that has a matrix of 768 wells., In alternate ecmbodiments, thermal unit 210 can
includes any number of cavities 1022 and cavities 1022 can be arranged in any suilable
pattern.
I'IG. 47A is a cross-sectional side view ol thermal unit 210, 1'1G. 47B is a cul-

away cross-sectional side view of thermal unit 210, FIG. 47C is a schematic view of a
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cross-section of thermal unit 210, Thermal unit 210 includes [lirsi housing portion 1002,

second housing portion 1004, gasket 1006, mounting leature 1008, inlet ports 1010, outlet

ports 1012, recess 1014, thermal block 1020, and cavities 1022, Thermal block 1020

includes first plate 1030, first sheet 1032, sccond plate 1034, sccond sheet 1036, TEMs
5 1038, and heal transler compound 1040,

Thermal unit 210 includes first housing portion 1002 that is connected to second
housing portion 1004 with gasket 1006, Mounting leature 1008 is parl ol second housing
portion 1004 and can be used to mount sccond housing portion 1004 in tape path
assembly 118, Inlet ports 1010 are connected (o a [first end ol thermal unit 210 and outlet

10 ports 1012 are connected 1o a second end of thermal unit 210 so that a (luid can be routed
through thermal unit 210, Recess 1014 is positioned on a first side of first housing
portion 1002, 'Thermal unit 210 further includes thermal block 1020 positioned in recess
1014 of first housing portion 1002, Thermal block 1020 includes a plurality of cavitics
1022 that are conligured 1o receive a matrix of wells of tape 104,

15 Thermal block 1020 includes [lirst plate 1030, lirst sheet 1032, second plate 1034,
second sheet 1036, 'T'1:Ms 1038, and heal transfer compound 1040, 1irst plate 1030 is an
aluminum plate that is conligured to spread heal throughout [irst plate 1030 in the
cmbodiment shown. In alternate embodiments, first plate 1030 can be made out of any
material that is capable of translerring and spreading heat, lirst plate 1030 is belween 1

20 millimeter (0.039 inches) and 10 millimeters (0.394 inches) thick. More preferable, first
plate 1030 is between 1 millimeter (0,039 inches) and 3 millimeters (0,118 inches) thick,
First plate 1030 contains cavitics 1022 of thermal block 1020, Cavitics 1022 are cavitics
that extend a distance into [first plate 1030.

A botlom side of [irst plate 1030 is allached to a Lop side of [irst sheel 1032, A

25  bottom side of first sheet 1032 is attached to a top side of sccond plate 1034, In this
embodiment, [irst sheet 1032 is a pyrolylic graphite sheet that is used 1o attach and
conduct heat between [irst plate 1030 and second plate 1034, In other embodiments, first
sheel 1032 can be a heal transler compound or any other heat transfer medium.

Second plate 1034 is a copper plate thal is confligured 1o transfer heal in the

30 cmbodiment shown. In alternate embodiments, sceond plate 1034 can be made out of any
material thal is capable of (ransferring and spreading heat, Second plate 1034 is between
0.5 millimeters (0.019 inches) and 5 millimeters (0.197 inches) thick. More preferably,
second plate 1034 is between 0.5 (0.019 inches) millimeters and 2 millimeters (0,079

inches) thick.
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A boltom side ol second plate 1034 is atlached 10 a top side ol second sheet 1036,
A bottom side of second sheet 1036 is atlached 1o a lop side of 'I'liMs 1038, In this
embodiment, second sheel 1036 is a pyrolytic graphite sheel thatl is used (o altach and

conduct heat between second plate 1034 and TEMs 1038, In other embodiments, sccond

N

sheet 1036 can be a heal transler pasie or any other suilable heat transler medium,
TEMs 1038 arc positioned below first plate 1030 and sccond plate 1034, TEMs
1038 make up the heat pump of thermal block 1020, 'I'iMs 1038 generate heal thal can
be transferred and spread through second plate 1034 and first plate 1030 into a biological
sample and reagent mixture held in a matrix of wells in tape 104, In allernate
10 embodiments, any suilable heal pump can be used in place of T1:Ms 1038,
Ieat transfer compound 1040 is used to attach a bottom side of TEMs 1038 to
(irst housing portion 1002, A portion ol a thermal management system is positioned in a
lower half of first housing portion 1002 beneath the cavity that holds thermal block 1020
'The portion of the thermal management system is used 10 exchange heat with 'I'1iMs
15 1038, In the embodiment shown, heal transler compound 1040 is a silicon based
compound used o improve heal (ransfer between the portion of the thermal management
system and '1'1:Ms 1038, In alternale embodiments, heat transler compound 1040 can be a
pyrolytic graphite sheet or any other suitable heat transfer medium.
Thermal unit 210 is advanlageous, as il is compact system thal is capable ol being
20 placed within tape path assembly 118 in instrument 100, Turther, the contfiguration of
thermal unit 210 with multiple layers ol plates allows dillerent materials o be used (0
cnsure that the transter and spread of heat from TEMs 1038 through thermal block 1020
is cfflicient and ellective. Using copper, which has a higher thermal conductivity than
aluminum, for second plate 1034 allows heat from 11:Ms 1038 1o spread and transfer
25  uniformly through sccond plate 1034 to first plate 1030, Using aluminum, which has a
lesser density than copper, for [irst plate 1030 increases the rale ol lemperature change in
(irst plate 1030 and second plate 1034 for the same amount ol energy [rom T1iMs 1038,
Combined, the materials used in first plate 1030, lirst sheel 1032, second plate 1034, and
second sheei 1036 ensure thal heat is (ransferred and spread throughout [irst plate 1030 10
30 rapidly and uniformly heat or cool the biological sample and reagent mixture in the
matrix ol wells ol tape 104 positioned on thermal unit 21(), Unilormly heating or cooling
the biological sample and reagent mixture is necessary to obtain consistent and accurate
results when analyzing the biological sample and reagent mixture. In this contexl,

heating or cooling should be understood to be inclusive of thermal cycling.
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I'1G. 48 is a top plan see-through view ol a top side of thermal unit 210, 'Thermal
unit 210 includes first housing portion 1002, thermal block 1020, and cavities 1022,
"Thermal block 1020 includes T1iMs 1038 and temperature sensor 1042,

First housing portion 1002 of thermal unit 210 houses thermal block 1020

5 Cavilies 1022 are posilioned on a lop side ol thermal block 1020 and are conligured Lo
receive a matrix of wells of tape 104, Thermal block 1020 includes TEMs 1038, In the
embodiment shown in I'IG. 48, thermal block 1020 includes six dillerent T1iMs 1038, In
alternate ¢cmbodiments, thermal block 1020 can include any number of TEMs 1038.
lurther, 'T'HMs 1038 can be any heal source thal is capable ol healing and cooling a

10 biclogical sample and a reagent.

TEMs 1038 arc arranged to unitformly heat or cool thermal block 1020, As scen
in the embodiment shown in VG, 48, three 'I'1i{Ms 1038 are positioned on a [irst side of
thermal unit 210 and the remaining three TEMs 1038 are positioned on a sccond side of
thermal unit 210), Heal that is generated in 'I'iMs 1038 can transfler through thermal

15 block 1020 1o heal or cool a biological sample and reagent mixture in the matrix of wells
of tape 104 that are positioned in cavities 1022 of thermal unit 210. Temperalure sensor
1042 measures the temperature of thermal unit block 1020, In the embodiment shown,
temperature sensor 1042 is a resistance temperature  detector  that monitors  the
temperature ol thermal block 1020 and provides [eedback 10 the conlrol system ol

20 instrument 100 such that the control system cither heats, cools, or maintains a sct point
temperature of thermal hlock 1020,

FIG. 49 is a bottom plan sce-through view of thermal unit 210. Thermal unit 210
includes [irst housing portion 1002, [uid path 1052, and [Tuid path 1054. 1luid path 1052
and fluid path 1054 are positioned in a bottom hall of first housing portion 1002,

25 Fluid path 1052 is a cavity that runs from a first end of thermal unit 210 to a
second end of thermal unit 210. 1'uid path 1052 snakes back and [orth between the first
end and the second end ol thermal unit 210 on a [(irst side of thermal unit 210, A (luid
can run through [Muid path 1052 1o exchange heal with thermal block 1020, 1luid ows
through an inlet port (see I'l(GS. 45A-45B) on a first end of thermal unit 210, through

30 fluid path 1052, and out of an outlet port (sce FIGS. 45A-45B) on a second cnd of
thermal unit 210,

Fluid path 1054 is a cavity that runs from a first cnd of thermal unit 210 to a
second end of thermal unit 210. 1'uid path 1054 snakes back and [orth between the first

cnd and the second end of thermal unit 210 on a sccond side of thermal unit 210, A fluid
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can run through [Muid path 1054 1o exchange heal with thermal block 1020, 1luid lMows
through an inlet port (see I'I(GS. 45A-45B) on a [irst end of thermal unit 210, through
Muid path 1054, and out of an outlet port (see I'IGS, 45A-45B) on a second end of
thermal unit 210,

5 I'luid path 1052 and [Muid path 1054 are part ol a thermal management system in
instrument 100. The thermal management system is a closed loop system and fluid that
Mows through (luid path 1052 and (Tuid path 1054 (lows through a radiator (not shown in
FIG. 49) to be cooled or heated as needed. That fluid can then flow through fluid path
1052 and MMuid path 1034 again Lo exchange heal with thermal unit 210, 'The thermal

10 management sysiem is advanlageous, as it is an efficient and compact way 10 conlrol the
temperature of thermal block 1020 in thermal unit 210.

I'lG. 50 is a cross-sectional view of tape 104 with seal 106 sealed between thermal
unit 210 and heated pressure chamber 212, Tleated pressure chamber 212 includes
interface brackel 1038, clamp 1060, housing 1062, bolis 1064, glass cover plate 1066,

15 gaskel 1068, gaskel 1070, insulator plate 1071, gaskel 1072, gasket 1073, enclosed space
1074, heater plenum 1076 with distribution orilices 1077, healing element 1078,
compressed air fitting 1080, and multi-pin electrical connector 1082 (seen in I'lIG. 51).
Clamp 1060 can be made of aluminum and is connected to housing 1062 with bolts 1064,
Housing 1062 can be a low thermal conduclivity thermoplastic polymer such as polyether

20 cther ketone (PEEK) such that housing 1062 docs not absorb heat gencrated within
enclosed space 1074, In allernative embodiments, housing 1062 can be any heal resistant
material or material with low thermal conductivity.

(Glass cover plate 1066 is clamped in between gasket 1068 and gasket 1070
Clamp 1060 holds glass cover plate 1066 in place so that glass cover plate 1066 does not

25  move when pressure is applied to glass cover plate 1066, (asket 1068 creates a scal
belween glass cover plate 1066 and clamp 1060. Gaskel 1070 creates a seal between
glass cover plate 1066 and housing 1062, Gaskets 1068 and 1070 prevent chipping and
cracking ol glass cover plate 1066 and flacililate even pressure distribution across glass
cover plate 1066, Gasket 1072 creates a seal hetween housing 1062 and tape 104,

30 Clamp 1060, housing 1062, bolts 1064, glass cover plate 1066, gasket 1068,
gaskel 1070, and gasket 1072 creale enclosed space 1074, linclosed space 1074 is a
scaled, enclosed space above tape 104 and scal 106 that can be heated and pressurized.
Insulator plate 1071, gaskel 1073, healer plenum 1076, and healing element 1078 are

located within enclosed space 1074, Insulator plate 1071 insulates heating ¢lement 1078
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and heater plenum 1076, minimizing heat loss [rom enclosed space 1074, Healing
element 1078 heais enclosed space 1074 (o prevent condensation on seal 106 in the wells
of tape 104, Heater plenum 1076 includes air distribution orilices 1077, which circulate

air within ¢nclosed space 1074 to facilitate uniform heat distribution within ¢nclosed

N

space 1074, Gasket 1073 creales a seal beltween heater plenum 1076 and housing 1062,
ITeater plenum 1076 can be aluminum. In alternative ecmbodiments, heater plenum 1076
can be any other suitable material with high thermal conductivity, such as stainless steel.
Compressed air fitting 1080 is attached to housing 1062 and can be connected to a
compressed air source 1o provide compressed air [or pressurizing enclosed space 1074,
10 Multi-pin electrical connector 1082 is atlached 0 housing 1062 and powers healing
clement 1078,
In order 1o amplily and analyze a biological sample and reagent mixtlure, tape 104
with scal 106 is positioned between thermal unit 210 and heated pressure chamber 212
such that a matrix of wells ol tape 104 is aligned with the matrix ol wells of thermal unit
15 210. Thermal unit 210 is raised and heated pressure chamber 212 is lowered such that
tape 104 is pressed against gasket 1072 and the matrix ol wells ol Lape 104 is pressed inlo
the matrix of wells of thermal unit 210. Heated pressure chamber 212 is sealed by raising
the lift to which thermal unit 210 is attached, which in turn causes a top surtace of first
housing portion 1002 of thermal unit 210 o come inte contact with a botlom surlace of
20 tape 104, This pushes a top surface of tape 104 up against a bottom swface of gasket
1072 ol the heated pressure chamber 212, Compressed air is ed through compressed air
fitting 1080 into enclosed space 1074 above tape 104 and scal 106, Compressed air
pressurizes enclosed space 1074 o between 5 psi and 20 psi. Heating clement 1078 heats
the air in enclosed space 1074, Depending on the temperature ol thermal unit 210 during
25  amplification, the air temperature within enclosed space 1074 may be between 70 and 120)
degrees Celsius. Heater plenum 1076 with air distribution orilices 1077 accelerates
heating and facilitates unilorm heat distribution within enclosed space 1074,
A desired pressure and temperature is maintained in enclosed space 1074 while a
biological sample and reagent mixture is amplilied and detected in the matrix of wells of
30 tape 104, When amplification and detection is complete, thermal unit 210 is lowered,
heated pressure chamber 212 is raised, and tape 104 advances along Lape path 118 such
that a new matrix of wells of tape 104 is positioned between thermal unit 210 and heated

pressure chamber 212,
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IIG, 51 is an isometric view ol heated pressure chamber 212, Healed pressure
chamber 212 includes interface hracket 1058, clamp 1060, housing 1062, heater plenum
1076 with air distribution orilices 1077, glass cover plate 1066 with mask 1084,
compressed air fitting 1080, multi-pin clectrical connector 1082, and air pump fittings
5 T086. Air pump [litlings 1086 can be connected Lo an air pump for pumping air into and
out of enclosed space 1074 to facilitate uniform temperature distribution within enclosed
space 1074,
(ilass cover plate 1066 with mask 1084 allows accurate detection of the mixture in
the matrix of wells ol tape 104. Mask 1084 is two dots on glass cover plate 1066 and
10 allows instrument 100 1o recognize that an array ol lape 104 is present in (hermal unit
210. Mask 1084 can be ctched or printed onto a bottom surface of glass cover plate 1066.
(Glass cover plate 1066 can be a ten millimeter thick anti-rellective coated glass cover
plate to allow the camera to see the entire matrix of wells during detection.
I'1G. 52 is a Lop view of heated pressure chamber 212, Healed pressure chamber
15 212 includes clamp 1060, bolis 1064, glass cover plate 1066 with mask 1084, healer
plenum 1076 (shown in I'IGS, 50-51), heating element 1078 (shown in 1'IG, 50),
compressed air [illing 1080, multi-pin electrical connector 1082, air punmp [iilling 1086,
air pump fitting 1087, air pump fitting 1088, air pump fitting 1089, air pump fitting 1090,
and air punmp [litting 1092, air pump 1094, compressed air source 1096, and lemperature
20 sensor 1098, Compressed air source 1096 pumps compressed air into enclosed space
1074 through compressed air [itting 1080 lor pressurizing enclosed space 1074,
Adr pump fitting 1086, air pump fitting 1087, air pump fitting 1088, air pump
[itting 1089, air pump [iting 1090, and air pump litting 1092 arc connected Lo air pump
1094, forming a closed circuil of air low. Air [lows out of air pump 1094, through air
25  pump fittings 1086, 1087, 1088, and 1089, across enclosed space 1074, out of air pump
litiings 1090 and 1092, and back into air pump 1094, The closed circuit ol air [low
moves the air al approximately lour liters per minute within enclosed space 1074 1o
(acilitate uniform temperature distribution within enclosed space 1074, In allernative
embodiments, air can llow into any four of air pump [ittings 1086, 1087, 1088, 1089,
30 1090, and 1092 and out of any two of air pump fittings 1086, 1087, 1088, 1089, 1090,
and 1092,
ITeating clement 1078 is embedded in a heat-tolerant media and connected to
heater plenum 1076 with an adhesive, In one embodiment, (he heal-1olerant media can be

a polyamide. In an alternative embodiment, the heat-tolerant media can be a silicone
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rubber media. Heating element 1078 is connected (o heater plenum 1076 with adhesive.
'The adhesive sticks Lo heater plenum 1076 and the heat-tolerant media in which heating
element 1078 is embedded. In one embodiment, heating element 1078 can be a copper-

based resistive heater, such as a copper alloy heater. In alternative embodiments, heating

N

element 1078 is a heater that [its within the space constraints of enclosed space 1074,
Ilcating clement 1078 heats the air in enclosed space 1074 to a desired temperature and
heater plenum 1076 absorbs and translers the heat o [acilitale unilorm temperature
distribution within ¢nclosed space 1074.
Multi-pin electrical connector 1082 provides power 1o heating element 1078 and
10 power (o and sensor values [rom temperature sensor 1098 while maintaining a pressure-
type conncction to housing 1062, Temperature sensor 1098 senses the temperature of
heater plenum 1076 such thal the temperaiure within enclosed space 1074 can be
controlled. In one embodiment, heater plenum 1076 is maintained at 115 degrees Celsius
such that the temperature in enclosed space 1074 is approximately 105 degrees Celsius.
15 In alternative embodiments, heater plenum 1076 is maintained al a temperature such that
the air temperature within enclosed space 1074 is maintained al a desired lemperalure
between 70 and 120 degrees Celsius.
ALTERNATIVE EMBODIMENTS OF THE OVERALL INSTRUMENT
IIG, 53A is a schemalic of instrument 100A. I'IG. 53B is a schemalic of
20 instrument 100B. Instrument 100A and instrument 100B are alternative cmbodiments of
instrument 100 seen in I'IGS, 1-32, Instrument 100A includes tape paih assembly T18A,
which includes tape cutting station 1100, dispensing and scaling station 1102, waiting
station 1104, and a plurality ol amplilication and detection stations 1106 (including
amplilication and detection station 1106 A, amplification and detection station 11068, and
25  amplification and detection station 1106C7). Instrument 100B includes tape path assembly
118B, which includes tape culling station 1110, dispensing and sealing station 1112, a
plurality of waiting stations 1114 {(including waiting station 1114A and wailing station
1114B), and a plurality ol amplification and delection stations 1116 (including
amplilication and detection station 1116A, amplification and detection station 11168, and
30 amplification and detection station 111607).
Tape path assemblies 118A and 118B extend through instruments 100A and
100B, respectively, and provide a path along which tape 104 having a plurality of wells

can advance, Tape 104 moves through instruments 100A and 100B [rom an entrance (0
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an exil of Lape path assemblies 118A and 118B through the dilTerent stations on lape path
assemblies 118A and T18B.

Insirument 100A includes tape culling station 1100 (hat is positioned between an
cntrance of tape path assembly 118A and dispensing and scaling station 1102; dispensing

5 and sealing station 1102 is positioned belween lape culling station 1100 and wailing

station 1104; waiting station 1104 is positioned between dispensing and scaling station

1102 and the plurality of amiplilication and detections stations 1106; and the plurality of

amplification and detection stations 1106 are positioned between waiting station 1104 and

an exit of tape path assembly 118A. The plurality of amplilication and delection stations

10 1106 include three different amplification and detection stations in the embodiment

shown in FI(1. 33A, but can include any number of amplification and detection stations in
alternate embodiments,

Amplification and detection stations 1106 are arranged in parallel with one
another in instrument 100A, 'T'ape 104 that enters instrument 100A can be cut into a first

15 lape segment with a single array ol wells al tape culling station 1100, The [irst tape
segment can then move o dispensing and sealing station 1102, where a biological sample
and a reagent can be dispensed into the [irst (ape segment Lo [orm a biological sample and
reagent mixture, The biological sample and reagent mixture can then be sealed in the firse
Ltape segment al dispensing and sealing station 1102, L'urther, the [irst lape segment can

20 be cooled to prevent the biological sample and reagent mixture from undergoing a
chemical reaction or heated (o incubate the biological sample and reagent mixlure at
dispensing and scaling station 1102, The first tape scgment can then move to waiting
station 1104 where the [irst ape segnmient can again be cooled 1o prevent the biological
sample and reagent mixlure from undergoing a chemical reaction or heated (o incubate

25  the biological sample and recagent mixture.

I'rom wailing station 1104, the [irst tape segment can be routed o amplification
and detection station 1106A, amplilication and delection station 11068, or amplilication
and detection station 1106C. AL any ol the plurality of amplilication and delection
stations 1106, the biclogical sample and reagent mixture can undergo thermal cycling or

30 be heated at a constant temperature. The biological sample and reagent mixture can also
be analyzed at amplilication and detection stations 1106,

After first tape scgment has moved trom dispensing and scaling station 1102 to
wailing slation 1104, a second lape segmenl can be cut [rom Lape 104 and moved (o

dispensing and scaling station 1102, The second tape segment will undergo the same
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processing as the [irst tape segment bul il can be moved (o a dillerent one ol the plurality

of anmplilication and detection stations 1106, lurther, a third tape segment can be cul

rom tape 104 and moved to dispensing and sealing siation 1102, The third tape segmeni

will undergo the same processing as the first and sccond tape segments and moved to the

5  [inal of the pluralily ol amplification and detection stations 1106, Having a plurality of

amplification and detection stations 1106 allows instrument 100A to analyze multiple

arrays of Lape 104 at the same time, Amplification and detection stations 1106 can begin

the processing of tape 104 when tape 104 reaches cach amplification and detection station

1106, or amplilication and delection stations 1106 can be run al the same time, In an

10 allernale embodiment, wailing station 1104 can be eliminated and the 1ape segments can

pass from dispensing and sealing station 1102 to one of the plurality of amplitication and

detection stations 1106,

Each of the plurality of amplification and detection stations 1106 can include the

same means [or analysis or dillerent means [or analysis, l'or example, amplification and

15 detection stations 1106 can all analyze the biological sample and reagent mixture using

polymerize chain reaction analysis, Alternatively, amplilication and delection station

1106A can analyze the biological sample and reagent mixlure using polymerize chain

reaction analysis, amplification and detection station 1106B can analyze the biological

sample and reagenl mixture using mell curve analysis, and amplification and delection

20 station 1106C can analyze the biological sample and rcagent mixture using isothermal

amplilication analysis. Having dilTerent means of analysis at each amplilication and
detection station 1106 allows a sample to undergo different analysis at the same time.

Instrument 100B includes tape cutling station 1110 that is positioned between an

entrance of Lape path assembly 118B and dispensing and sealing station 1112; dispensing

25  and scaling station 1112 is positioned between tape cutting station 1110 and waiting

station 1114A; waiting station 1114A is positioned between dispending and sealing

station 1112 and wailing station 1114B; wailing station 1114B is positioned belween

wailing station 1114A and amplification and detection station 1116A; amplification and

detection station 1T116A is positioned between wailing station 11148 and amplification

30 and detection station 1116B; amplification and detection station 1116B s positioned

between amplilication and detection station 1116A and amplification and detection

station 1116C; and amplification and detection station 11160 is positioned between

anmplilication and detection stations 11168 and an exit of tape path assembly T18A. 'The

plurality of amplification and detection stations 1116 include three ditferent amplification
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and detection stations in the embodiment shown in I'I(G, 33B, bul can include any number
ol amplilication and delection stalions in allernate embodiments,

Amplification and deiection stations 1116 are arranged in series with one another

in instument 100B. Tape 104 that enters instrument 100B can be cut into a first tape

5  segment with a single array ol wells al tape culling station 1100 or tape 104 can advance

as a web through tape cutting station 1110 without being cut. A first array of tape 104

can then move (o dispensing and sealing station 1112, where a biological sample and a

reagent can be dispensed into the first array of tape 104 to form a biological sample and

reagent mixture, ‘The biclogical sample and reagent mixture can be then be sealed in the

10 [irst array ol tape 104 at dispensing and sealing station 1112, l'urther, the [irst array of

tape 104 can be cooled to prevent the biological sample and rcagent mixture from

undergoing a chemical reaction or healed Lo incubate the hiological sample and reagent

mixture at dispensing and scaling station 1112, The first array of tape 104 can then move

o wailing station 1114A where the [irst array of tape 104 can again be cooled (o prevent

15 the biological sample and reagent mixlure [rom undergoing a chemical reaction or heated
Lo incubate the biological sample and reagent mixiure,

When the [irst array of tape 104 advances Lo wailing station 1114A, a second
array of tape 104 can move to dispensing and scaling station 1112, The sccond array of
tape 104 can then undergo the same processing as the first array of (ape 104 at dispensing

20 and scaling station 1112, After this, the first array of tape 104 can move to waiting
station 11148 and the second array of tape 104 can move (o wailing station 1114A, Both
waiting stations 1114A and 1114B can cool or heat the biological sample and reagent
mixture. A third array of tape 104 can then move o dispensing and scaling station 1112,
"The third array ol tape 104 can then underge the same processing as the [irst array ol Lape

25 104 at dispensing and scaling station 1112, At this point, tape 104 can move through
instrument 100B so that the [irst array ol tape 104 is positioned in amplification and
detection station 1116C, the second array of tape 104 is positioned in amplification and
detection station 11168, and the third array ol tape 104 is positioned in amplification and
detection station 1116C. AL any ol the plurality of amplilication and delectlion stations

30 1116, the biological sample and reagent mixture can undergo thermal cycling or be heated
at a constanl temperature, ‘The biological sample and reagent mixlure can also be
analyzed at amplification and detection stations 1116, Tlaving a plurality of amplification
and detection stations 1116 allows instrument 1008 to analyze multiple arrays al a single

time. In an alternate embodiment, waiting stations 1114A and 1114B can be climinated
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and tape 104 can move [rom dispensing and sealing station 1112 1o the plurality of
amplilication and detection stations 1118,

lach of the plurality ol amplification and detection stations 1116 can include the

same means for analysis or different means for analysis. For example, amplification and

5 detection stations 1116 can all analyze the biclogical sample and reagent mixture using
polymerize chain reaction analysis.  Alternatively, amplification and detection station
1116A can analyze the biological sample and reagent mixlure using polymerize chain
reaction analysis, amplification and detection station 1116B can analyze the biological
sample and reagent mixlure using mell curve analysis, and amplification and deiection

10 station 1116C can analyze the bicological sample and reagenl mixlure using isothermal
amplification analysis.

Instrument 100A and instrument 100B are example alternate embodiments of
instrument 100, It is appreciated that there can be any number of alternate ecmbodiments
of instrument 100. T'or example, instrument 100 can include any number ol amplification

15 and detection stations arranged in series, parallel, or hoth, lurther, instrument 100 could
include any number of dispensing slations arranged in series, parallel, or both, Instrument
100 can also include any number ol wailing slations or no wailing stations. Additionally,
instrument 100 could also include any number of tape path assemblics. ITaving ditferent
means ol analysis al each amplification and detection station 1116 allows a sample 1o
20 undergo different analysis at the same time.

The preceding descriptlion is a non-exclusive description ol possible embodiments
of the present disclosure. Tt is contemplated that the clements disclosed can be combined
in any manncr. ‘The instrument described can optionally include, additionally and/or
aliernatively, any one or more ol the [eatures, confligurations and/or components

25  described in the preceding description.

While the invention has heen described with reference o an exemplary
embodiment(s), it will be understood by those skilled in the art thal varicus changes may
be made and equivalents may be substituted [or elements thereol withoul departing [rom
the scope ol the invention, In addition, many modifications may be made to adapt a

30 particular situation or material to the teachings of the invention without departing from
the essential scope thereol, Therelore, il is intended that the inyvention not be limited (o
the particular ¢mbodiment(s) disclosed, but that the invention will include all

embodiments (alling within the scope of the appended claims.
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CLAIMS:

1.
comprising:

3.

An instrument for processing a biological sample, the instrument

a tape path assembly defining a tape path along which a tape with a matrix
of wells can be advanced through the instrument;

a dispensing assembly for aspirating the biological sample and a reagent
and for dispensing the biological sample and reagent into the
matrix of wells of the tape to form a biological sample and reagent
mixture;

a sealing assembly for sealing the biological sample and reagent mixture
in the tape;

an amplification and detection assembly for detecting a signal from the
biological sample and reagent mixture in the matrix of wells in the
tape, wherein the amplification and detection system includes a
thermal unit positioned on the tape path that is configured and
arranged to control the temperature of the biological sample and
reagent mixture in the matrix of wells of the tape, the thermal unit
comprising a plurality of cavities configured to receive respective
wells of the matrix of wells, each cavity sized such that an exterior
surface of a well forms a solid contact with an interior surface of
the cavity; and

a pressure chamber mounted on the thermal unit on the tape path to
pressurize an area over the tape.

The instrument of claim 1, wherein the thermal unit comprises:
a heat pump;

a first layer comprising the plurality of cavities configured to receive the
respective wells of the matrix of wells; and

a second layer positioned between the heat pump and first layer such that
heat can be exchanged between the heat pump and the biological
sample and reagent mixture in the matrix of wells through the first
and second layers.

The instrument of claim 2, wherein the first layer is an aluminium layer

and the second layer is a copper layer.
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4. The instrument of any preceding claim, further comprising an analytics
system to analyze data that is collected from the biological sample and reagent mixture.

5. The instrument of any preceding claim, wherein the instrument is capable
of both isothermal amplification and polymerize chain reaction.

6. The instrument of any preceding claim, further comprising tape which
includes a first matrix of wells and a second matrix of wells offset from the first matrix of wells.

7. The instrument of any preceding claim, wherein further comprising a tape
which has a first matrix of wells and a second matrix of wells offset from and interlaced with the
first matrix of wells.

8. The instrument of any preceding claim, wherein the tape path assembly
includes at least a portion which extends through the instrument and defines a tape path along
which the tape with the matrix of wells can be automatically advanced or retracted.

9. The instrument of any preceding claim, wherein the tape path assembly
extends through substantially the entire length of the instrument and defines a tape path along
which the tape with the matrix of wells can be automatically advanced or retracted.

10. The instrument of any preceding claim, further comprising a plate rack
configured to hold one or more plates containing the biological sample or the reagent.

11. The instrument of claim 10, further comprising a plate stacker configured
to lift a plate out of the plate rack.

12. The instrument of claim 11, further comprising a plate shuttle with a
platform on which the plate stacker can place the plate from the plate rack, the plate shuttle
configured to position the platform for aspirating or dispensing.

13. The instrument of any preceding claim, further comprising at least one
dispensing assembly wash to wash portions of the dispensing assembly.

14. The instrument of any preceding claim, wherein the tape path assembly
comprises a drive mechanism to automatically advance the tape along the tape path.

15. The instrument of any preceding claim, wherein the tape path assembly
comprises a tape infeed positioned adjacent a first end of the tape path to feed the tape into the
instrument, and a tape cutter positioned near the first end of the tape path to cut the tape.

16. The instrument of any preceding claim, wherein the pressure chamber
comprises a heating element.
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