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[ 0001] Thwofnaldsssh t he present teachings is for a thermali/ust@ok4msszenbl y
for a thermal cycling apparatus. BACKGROUND [ 0002] The anal ysis of thermnal
non-uniformty (TNU) is an established attribute of the art for
characterizing the performance of a thernmal bl ock assenbly, which may be
used in various bioanalysis instrunentation. The TNU is typically neasured
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has been observed that the edges of the sanple block are typically cool er
than the center. One approach that has been taken to counteract such edge
effects is to provide various pelBAGKGROWND edge heaters around the sanple
bl ock to of fset the observed thermal gradient fromthe center to the edges.
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the coolest locations in the sample block. For example, the TNU may be determined as a
difference or average difference between a hottest and a coldest sample temperature or
position in a sample block. An industry standard, set in comparison with gel data, may express a
TNU so defined as a difference of about 1.0 °C, or an average difference of 0.5 °C. Historically,
the focus on reducing TNU has been directed towards the sample block. For example, it has
been observed that the edges of the sample block are typically cooler than the center. One
approach that has been taken to counteract such edge effects is to provide various perimeter
and edge heaters around the sample block to offset the observed thermal gradient from the

center to the edges.

[0003] In the present teachings, modeling was validated for comparing trends in various thermal
block assembly designs using experimental data. Such modeling lead to a redesign of the
thermal block assembly, which embodiments according to the present teachings are in contrast
to various established teachings of the art.

[0004] A thermal block assembly providing low thermal non-uniformity for rapid thermal cycling
as well as various embodiments thereof and various embodiments of apparatuses incorporating
such a thermal block assembly are defined in the attached claims.
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[0005]FIG 1A and FIG 1B are figures of various prior art thernal

bl ock

assenbl i e802POORSY3HKI G 2 is a schematic that depicts i deariuseaonlzsrival

profiles for a sanple block and heat sink for various thermal block

assenblies. [0007]FIG 3 depicts the thermal nodeling of a heat sink,
according to various thermal block assenblies. [0008]FIG 4 depicts the

t hermal nodeling of a S@ﬁ@FeDI%EﬁleIGﬁC&Eﬁli-IEqDI;{RV\NIQébous t hermal bl ock

assenbl i es.

[0005] FIG. 1A and FIG. 1B are figures of various prior art thermal block assemblies.

[0006] FIG. 2 is a schematic that depicts idealized thermal profiles for a sample block and

heat sink for various thermal block assemblies.

[0007] FIG. 3 depicts the thermal modeling of a heat sink, according to various thermal

block assemblies.

[0008] FIG. 4 depicts the thermal modeling of a sample block, according to various thermal

block assemblies.

[0009] FIG. 5 depicts the thermal modeling of a heat sink, according to various
embodiments of a thermal block assembly providing low thermal non-uniformity (TNU).

[00010] FIG. 6 depicts the thermal modeling of a sample block, according to various
embodiments of a thermal block assembly providing low thermal non-uniformity (TNU).

[00011] FIG. 7 is a perspective view comparing two heat sinks, according to various
embodiments of a thermal block assembly.

[00012] FIG. 8 is a top perspective view comparing two heat sinks each having a thermal

control sub-assembly mounted thereupon, according to various embodiments of a thermal block

assembly.

[00013] FIG. 9 is an exploded view of a thermal block assembly, according to various
embodiments of a thermal block assembly.

[00014] FIG. 10 is a bottom perspective view of a heat sink sub-assembly with fan mount,

according to various embodiments of a thermal block assembly.

[00015] FIG. 11 is side view of a thermal block assembly, according to various embodiments

of a thermal block assembly.

[00016] FIG. 12A is bottom view of a heat sink sub-assembly, and FIG. 12B is a side view of

a heat sink sub-assembly, according to various embodiments of a thermal block assembly.

[00017] FIG. 13 is side view of a thermal block assembly, according to various embodiments

of a thermal block assembly.

[00018] FIG. 14Ais a graph depicting the block temperature and thermal non-uniformity of a

thermal block assembly approaching and during a hold period for a setpoint temperature of 60

°C. FIG. 14B is a graph depicting the block temperature and thermal non-uniformity of a thermal



[0009]FIG 5 depicts the thermal nodeling of a heat sink, according to
various enbodi nents of a thermal bl ock assenbly providing | ow thermal

non- uni f owoi2011/2889) . [ 00010] FI G 6 depi cts the thernmal PoodSkeG473 a
sanpl e bl ock, according to various enbodi nents of a thermal block assenbly
providing |low thermal non-uniformty (TNU). [00011]FIG 7 is a perspective
vi ew conparing two heat sinks, according to various enbodi nents of a

t hermal bl ock assenbly. [00012]FIG 8 is a top perspective view conparing
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t her eupEndingqs QA REMRBAREHQUS embodi ments of a thermal block assenbly.
[00013]FIG "9 is an expl oded view of a thermal bl ock assenbly, according to

var i oygo@ipodiFieN{sB Bfa @raphaemBingth® elocR s @FEPhNre and thermal non-uniformity of a
thermal block assembly approaching and during a hold period for a setpoint temperature of 95
°C. FIG. 15A is a graph depicting the block temperature and thermal non-uniformity of a thermal
block assembly approaching and during a hold period for a setpoint temperature of 95 °C,
according to various embodiments.

[00020] FIG. 16 is a block diagram of an instrument that may utilize various embodiments of
a thermal block assembly.

[00021] FIG. 17 is a block diagram of an instrument that may utilize various embodiments of
a thermal block assembly.

[00022] FIG. 18 is a block diagram that illustrates components of an exemplary computer
system that may be utilized in the control and interface of instrumentation comprising various
embodiments of a thermal block assembly.

DETAILED DESCRIPTION

[00023] The present teachings disclose various embodiments of a thermal block assembly
having low thermal non-uniformity throughout the assembly. As will be discussed in more detail
subsequently, various embodiments of thermal block assemblies having such low thermal non-
uniformity provide for desired performance of bioanalysis instrumentation utilizing such thermal
block assemblies.

[00024] For understanding aspects of the present teachings, consideration of some of the
teachings representative of the art of thermal block assemblies for bioanalysis may add
perspective. In FIG. 1A, a thermal block assembly depicted includes a sample block sub-
assembly with reaction wells (12) placed upon base plate (13), a thermal control sub-assembly
(14) that includes a plurality of thermal electric devices, a heat sink sub-assembly (15) with fins
(16), and a fan (17) (see Chu et al. US 6,962,821). For the purpose of the present teachings, it
is worthy to note the position of the fan beneath the heat sink sub-assembly, and the
arrangement of the thermal electric devices in the thermal control sub-assembly; most
particularly the arrangement in which gaps between the thermal electric devices are evident. In
FIG. 1B, the thermal block assembly depicted includes a sample block (2), with a resistive
heater (5) built into the sample block (2) by insertion into through hole (4), where sample block
(2) includes wells (3) for holding reaction vessels. Optionally, the thermal block assembly of
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particular, fan (9) is a type of axial fan commonly used in the art in conjunction with various heat
sink sub-assemblies, such as heat sink sub-assemblies similar to that shown in FIG. 1A, having
the fan directed at the bottom of the heat sink. As will be discussed in more detail subsequently,
the design of the heat sink sub-assembly, as well as the type and position of the fan have been
carefully considered in various embodiments of a thermal block assembly, according to the
present teachings.

[00025] The challenge of rapid thermal cycling for bioanalysis is conveyed in the following,
excerpted from Atwood, US 6,703,236 (col. 4, lines 3-19):

“Of course, the size of the metal block which is necessary to heat and cool 96
samples in an 8x12 well array on 9 millimeter centers is fairly large. This large
area block creates multiple challenging engineering problems for the design of a
PCR instrument which is capable of heating and cooling such a block very rapidly
in a temperature range generally from 0 to 100° C with very little tolerance for

b

temperature variations between samples.

[00026] Additionally, it should be noted that another aspect of teachings of the art of the
design and function of a thermal block assembly for bioanalysis instrumentation relates to the
size of the heat sink sub-assembly relative to the rest of the thermal block assembly. As a rough
rule of thumb, it has been held in the art that the heat sink would need to be sizeable in order to
be an effective thermal buffer, and to effectively withdraw heat from the thermal electric devices,
in order to maintain the performance of the thermal electric devices according to their
specifications. This is conveyed in the following, excerpted from Atwood, US 7,133,726 (col. 7,
lines 49-55):

“...The thermal mass of the heat sink is considerably larger than the thermal
mass of the sample block and samples combined. The sample block and
samples together have a thermal mass of approximately 100 joules/°K. and that
of the heat sink is approximately 900 joules/°K. ...”

Accordingly, a careful study of various commercially available thermal cycling instruments would
reveal a sizable heat sink in relationship to the rest of the thermal block assembly.
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assemthe/thermal equilibrium of embodiments of a heat sink, shown in graph Il. As shown in FIG. 1A,

for embodiments of thermal block assemblies utilizing thermal electric devices, a plurality of

thermal electric devices may be positioned between a heat sink, and a sample block. As such,

though similar factors may influence the relative nature of the thermal profiles of a sample block

and a heat sink (e.g. factors impacting the observation that both tend to be hotter in the center

and cooler at the edges), the sample block and heat sink may be viewed to be in the art

physically decoupled. Therefore, a reason that the thermal equilibrium of the heat sink

shadowed the thermal equilibrium of the sample block was not obvious.

[00028] To further an understanding of observations, such as that depicted in FIG. 2, of
thermal properties of various sub-assemblies of a thermal block assembly, modeling studies of
the thermal profiles of an embodiment of a heat sink and a sample block were undertaken. The
validity of the predictability of the model with respect to evaluating trends in the performance of
various thermal block assembly designs was verified by comparison of measurements taken for
an embodiment of a heat sink in comparison to the thermal profiles generated by the model
under boundary conditions that matched the operating conditions for which the measurements
were taken. Once the validity of the model for looking at trends was established, modeling was
used as a tool to further understand the complexity of the thermal properties of various
embodiments of a thermal block assembly. In FIG. 3-FIG. 6, the model assumed that a constant
heat flux was applied to various embodiments of a sample block and heat sink sub-assembly. In
that regard, various sub-assemblies could be evaluated under hypothetical conditions to
analyze trends in their thermal profiles.

[00029] In FIG. 3, a top perspective view of a hypothetical surface thermal profile generated
by the model of an embodiment of heat sink 10 is depicted. Heat sink 10 includes base 20,
having upper surface 22, and lower surface 24. Upper surface 22, includes a pedestal 40
mounted as part of the upper surface 22. Pedestal 40 as shown has a first pedestal block 42,
upon which is mounted second pedestal block 44 (see also FIG. 7). Pendant the lower base
surface 24 are a series of heat sink fins (30). As can be seen by the temperatures indicated with
the series of thermal contour lines, from the central portion of second pedestal block 44 to the
outer portion of upper base surface 22 is a difference of about 20 °C. Additionally, from the
center of second pedestal block 44 to its edge, there is a difference of about 4 °C. Upon
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accordlng to a thermal cycling proflle for example, as indicated in graph | of FIG. 2. It should be

noted that the thermal cycling profile of graph | in FIG. 2 is idealized for the purpose of

describing an observation made regarding the thermal equilibration of a sample block in

relationship to the thermal equilibration of a heat sink.

[00032] A two setpoint thermal cycle, as shown in the idealized thermal cycling profile of
graph | in FIG. 2 may include setpoint temperature for a denaturation step and a setpoint
temperature for an annealing/extension step. Setpoint temperatures for a denaturation step may
be between about 94-98 °C, while setpoint temperatures for an annealing/extension step may
be between about 50-65 °C. In FIG. 2, the portions of the curve designated A and E indicate an
annealing/extension step in the thermal cycle at about 60 °C, while the region designated C is a
denaturation step at about 95 °C in the thermal cycle. Additionally, two temperature ramp
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[ 00033] The actual neasurenent of thermal variation across a sanple block
integrated into an instrunent, and under real operating conditions nay be
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which may result in thermal variation across sanples, is known in the art
of thermal cycling biological sanples as the sanple bl ock thermnal
non-uniformty (TNU). As such, under targeted conditions producing the
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Various other testing protocols may include conbinations of approaches for
the evaluations of TNU. Additionally, another value other than a val ue
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[00042] Embodiments of a potential prototype sample block 150 as depicted in bottom
perspective view FIG. 6 include an upper surface 160, having a plurality of depressions or wells
165, and a lower surface 170. Additionally, sample block 150 has first side 162, having
opposing second side 164. Adjoining first side 162 is third side 166, having opposing fourth side
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may have a tenperature difference across the heat sink of about 1.0 Cin
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fom o CuBGaIeRDE F i B hsieracye B L B rRe SR sy eresB D S oo,

havi ngvrﬂcmhcludés lieat eink delplaesaniolns 0 and aethérenal 6entrohsgb-asdenity 1 8inf ace 170,

Add Ll 530 BHOFAS0ES 140 5hih 5 A%l By SBRRRID Gy econe

0|n|ng havi ng opposi ng
fourt tanguadbermmc@mmoi/sw@aa@mmyrﬂ usznsnoutdmmw that in thermal block sub-assembly

250, the thermal electric devices 92, 94, 96, and 98 are adjoined in the X-Y plane so as to
provide for a combined footprint that essentially matches the footprint of upper surface 122 of
heat sink 120 thereby. In contrast, for example, in thermal block sub-assembly 200, the thermal
electric devices 92, and 98, as well as 94, and 96 are adjoined, but a gap exists between
thermal electric devices 92 and 94, as well as thermal electric devices 96 and 98. According to
various embodiments of a thermal block assembly and instrument of the present teachings, the
thermal electric devices may be adjoined to a specified tolerance to provide for a combined
footprint that allows, for example, room for thermal expansion of materials in such thermal
electric devices. For various embodiments of a thermal block assembly and instrument
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168. It should be noted that flange 180 is substantially reduced in
conparison to flange 80 of sanple block 50 depicted in FIG 4. As shown in
FIG 6, fwo?2ari2e’ss enbodi nents of sanple bl ock 150, fl| 20GaS2@0/047573
associated with third side 166 and fourth side 168, which flange 180 has
been optim zed to reduce the horizontal flow of heat, in order to assess
the potential inpact of that factor on the sanple block TNU via the
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[00044$I n FIG 9, an expl oded view of an enbodi nent of thernmal bl ock
assentiP§046do 5&69&6%&%6% bigele gasamblie 480 witeh ingluderolignt sigksueggsembly

enmbodi1gBdisecio ok ém&fd'mbnttaf QGkn §§§§:§§é|rﬁblﬁﬂ9@t inBlEbeslearkteaiseTrdYs-RMPRAIBE Tl Y
100, th rmal ontrol sub-a e 110, an% npl e bI ock Eub aslﬁ@n‘ﬁéy 150.
As depigoug! 51% eentrgstip g phrafhedy bi%cééﬁﬁ?’i) ly R€ S00WR Ty

el ectric devices that are ad10|ned in the X-Y plane, and positioned between
t he sanpl e bl ock 150 and heat sink 100. It should be noted that the active
footprint of the adjoined thermal electric devices 92, 94, 96, and 98
essentially matches the footprint of 2he second surface 170 of the sanple
bl ock 150 and upper surface 122 of heat sink 110. In this regard uniform
contact of the thermal control sub-assenbly may be provi ded throughout
thernal block assenbly 300 [00045] As deplcted |n FIG. 9 various
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100 joined to an enbodi nent of a fan sub-assenbly that includes transverse
cross-flow fan 190 and duct 195. In contrast to enbodi nents of a thernal

bl ock asswotzby/@asssshown in FIG 1A, WO 2011/ 028834PCT/ BE6Z0BRY104FB78 whi ch
depicts air blown under heat sink sub-assenbly 15 at fins 16, enbodi nents
of thermal bl ock assenbly 400 have transverse fan 190 bl owi ng air through
flow paths 132 froman inlet side of the plurality of fins to an outl et

side of the plurality of fins. As previously nentioned, in addition to the
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manner, for vario Sin ing the heil ght
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near the baseygf t he lJE?Ieat EI nk. MAS one of oﬁ\?ﬁry skill in the art may
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duct or various e as depicted
in FI @rO\flonmg fl@vrﬁ@anhﬁ iat agpthedongest %ﬁqféﬁﬁg*é%ﬁel Qi t%h%ﬁtt‘s@kn‘é% prgyoiraeinagyrekills o

that &, Eh%tar%ai' hﬁﬁreblétes fHard greasribis W?@Fohc@\’h ér’ﬂs%tlh@fo?'fthes\!v%nﬁﬁ oft die

luralit f1ns atin iabl e | engths. For
B ot et on B el P i o Bab S GV L Rl Rhendi s Por
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depi ctadebtiom ¢ obdeatil@hand v‘ﬁn@\‘y\BQ)fFonamouwmtadbmntsrehh@t eihkd OP@atdepicted

havi ng, Fidls 2%391%%9 1’36 n#‘agltfbhérrdhrgeﬁh’rpgh éitérﬁét cH'éxtt@FnQ!b %t%'s%%ﬂﬁﬂ%hé that are

t he | ongest near Si nk |m arly to that provided by
enbodisShemrenedgp Ie(q@gt atghehwle_{ggﬂeﬁ&w-plpr@htmo@m@ thergly creating row paths of variable

2011/ Qe PerT. édéﬁ?aodéyd?ﬂammm@@@] Earthmas@uﬁckaa@mbman @bndafkthgs mal

bl ock ﬂgvsvr(?ﬂpll—'lé %gg \9ar|ous embodlrrl%)eonttshott heeat gltnﬁl 158 may have fins 130 tapered in height
from the inlet end to the outlet end, forming a trapezoidal shaped sectional view, as indicated by
the hatched line as depicted in the sectional view of FIG. 13. Embodiments of a heat sink having
fins tapered in height in such a fashion provide flow paths that are the longest near the base of
the heat sink, similarly to that provided by embodiments of heat sink 100 shown in FIG. 9.

13



and dynam c TNU may be between about 0.05 C to about 0.25 C, for TNU
determ nati ons based on the average of the differences between the hottest
and col dew0 20eld28834n sanpl e bl ock 100. This transl at es iPoraistowe/odisis er ence
bet ween the hottest and col dest well of between about 0.10 C to about 0.50
C, which is between about 2 to 10 tines | ower than the current standard in
the art of about 1.0 C. Mdreover, the static and dynamc TNU tend to be
approximately the same in contrast the static and dynamic TNU for various
enbodil@R048 oFortvadpunemboditienissd @rtberynal hiork assegiaiha@tel FIGE Bdotls the-siatisenbl y

200 ofynKlom&nicanel ﬁ@%'ﬁ@%ﬁééﬁ éﬁouf"O @Q“@'t@ aQJ)lﬂ‘bKZSjQP'f&rtﬁ@J biBtefrhfFatichs FOr

such enbodi nents of ther nual assenbly, the statlc rreasured as the

aver aé’é‘s?ﬁ' oR He gyeragerat Hlee@ff%f‘%%t??t‘t"ﬂ%n W@t"loét§§t %H&O%FH@%'F in&amgle;ock
sanpl eobl Dok iramgiatee wh@théﬁtﬁﬂfbr@rﬁkféﬁet\ﬂeé’rﬁth@ Ho@te gtlz@idicoieB0nEN ofWaik&ert A udy nami ¢

oval uiios Bradgir e sh e o e e S pag st ter AR BRER) SARAsARE: o
9, suamthéaxrbof|abop1rb0|°6eluoramvﬁ1 @e stdtic aildﬁyﬁaﬁlc'&MlBteraBtO\LEIdppmlmateEItlﬁe 15A

and FI ejrrf’gontda[&rﬁﬁ%tatﬂ:%dad&n%ﬁh:gm}?&v]aﬁo@ﬁ'ﬂgodirﬁeﬁ? . CH|O(9( bl ock

terrpera ure an B-a3senbl y 200
of FI @ss@nily iinduginggthaimas pleslisuierassasmbly 268 at Fige3, |an§aemh06mmrr§wf dsarmple 4,
whi ch b‘%ﬂ%&c@dqr?r kl@'@@oh@&haémmﬁeﬁl%t ﬂﬁférmélfbldﬂk%ssérﬂﬁyatﬂé sFaitu@TNlﬁB a

graph is depjcted of ture and TNU for di ment of

o AR ES aHERae ShBSSHTARTEes Betiaan 1nNelesh anbagldes Adle i1 Saemaged | n

cogj Lruztammawbet thetivben 3i6att\oedsl °C?t@na_b|oet (DSB@Q(K » WHi teetgg?mﬁmucmwmd | ay be Eb@heeMAh

an a on o trme edl nni ng erore an astlngt roug a
LB et

set poi out 60 C. The graphs shown in FIG 15A and FI G

158 r?ﬁ(?(ﬁl%i”tR Hirngttﬁef&a@]atﬂohgg %f‘o%%%ma:sa-r#?&ﬁ@s@a %%%nél%&dk%gsérnﬁlggga -

set pol ress

aver agéFi-f%, éu@h@%a lisepr@eided infdGh ot @ad Fiad 460 Relwetl agdn Fi&. |1ﬁAtaﬁlé Fantik
bl ock.|n AQ-1uAaHaE! IGf %A W GrabR¥s depictetpé DBodicidRPpefitivetareatNPfRbhon and

ni form:t th 9 platin res nce robes and adapted for the
ot § e o 8 e aliook sBremByAo0 ol ES S WHR0g 3 G o8 ks f or
t hg E:\“é"@?gtﬁ'wblsml RGH, adlcs. sa[rﬁﬂmf b?lgacu Alsd ByS emedge IﬁéEerTNJ:IdﬁU aBEmd FrG  14A
an n or at a at a I’lt a
and. FliCe, 480or 56505 8 bigkhlhe ol Byd B ol BpBGURbn i Mliboit™
bet weeasserbioiu300 0P BIGC 9t tor al@htnoledy® Heatdr wasmspairi @mmncﬁm with (Be 384Bvelnd FI G
15B t C dat
sots RETERNEGACThE koS pih i EIRKR A 3h 3B thorberd: Aauronth ibnediimiC T3 7
range before paditasting revghs saierint temeerwreﬁba@@é 68 “asThegraghs sowenied IGi nst ead
of an 1%)R€Hn@|93Gd'I$é ﬂip?é‘é‘eﬂt a §0R¥ieH of fine B@g‘jmﬁiﬁg %@%@éjhrﬁ@l&%n@th%dgh%@é%onﬂ' ock

assenbl tru or |ng resent teach his i's between
Sbout tpganre Phaot Base sty rRul ac Sieisrdies i eneods HTBRIER | ect t oq
as a tefiemnehe dottdst ab@ubldeém/efﬂ@ﬂrﬂ#n@%&ﬂﬁ%dwﬁmdlﬂa{rﬂél?f&ﬁﬂe1orG/aﬁ‘dat'ﬁbe

essen : d
empodi Fary S SRRy RS Bl d PRI R R s o T e

pr eseradapted derithg sortugiwmanitering|aba saapleatpidckvas ua%omr@éﬂmmassfordbd in
conparinNgPpr the shiBle Bbdkghown in FIG 14A and FIG 15A. Over the range of

ti mes between clockstart plus about 5 seconds (t5) and cl ockstart plus 10

stecglnqéodagio) In r%hewﬁ lthé ﬂ‘NB'dné%a féeﬁlsl@MAfFér{a IEI@E‘SRQH@T’&@E& TR RPaLAL Id ally
stabl e and consta an enpodl hrent Oor a er asse an

i A AR R TR T RS R A LN
anddFls@s id bétwabiea pbaytx.28 ST apaboul 0121155’!13] Il\funemavigon, tfbralt|Gd Y B Bihg Fscmmmtam c T|NU
tend t e I’ m

bi ook "SRRI B Bl T aRBUTSe M o0 8 i o BT s Rler ol G 880
t he cc?ﬁ;jauabsuiro o G=[Tis i BaviEaldnttb@ T1I‘$tBrartg|e af ko @®). 1® &étoeabOAgoéﬁé’Cof

or di nae&n%reélééd Ls 4nR oﬁf@?erﬂ:re mﬁfeaﬁ%?aﬁlayér'aﬁé dﬁf@%n%@gmé‘?@fbfen%r% dnflSaifRent oy ¢! 1 ng

instrunmentation is prise mal nt ai ni ransi ent const ant set poi nt
t enperdh@imal plock aé%ﬁ"ﬂi?ﬂ')éam tﬁ‘éliwﬁ%to%?é@rdm@rt@ t%%eﬁ%’ﬂé%fé'r@§ thigds seesM nt

t enperapbut BtotERNirhed Rwved tHaRid duent stindiiah fheQim cienasdicantds 4 @nBrened o goaf an
operating instrunent. In that regard, achieving an essential stable and
constant TNU at a setpoint of about 95 C may represent nore of a chall enge
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bl ock assenbly of FIG 15A, the dynam c TNU neasured at to is about 0.75
C., which changes to a static TNU of ®bout 0.45 C at about t5, and reaches
a static TNU of about 0.08 C at t30. In contrast, for an enbodi ment of a

t hermal bl ock assenbly according to the present teachings in FIG 15B, the
dynamc TNU rreasured at to |s about 0 16 C and I’EITB.I ns fa| rIy const ant for



WO 2011/ 028834PCT/ US2010/ 047573 bl ock assenbly and instrunment of the
present teachings, a tinme-to-TNU may be up to about 7 seconds. [00053] As
previ ouslwornotiedssstn ref erence to vari ous enbodi nents ofCa/ush@onuis7bl ock
assenbly and instrunent of the present teachings, the conbined footprint of
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[00052] Further, that the static and dynamic TNU’s are about the same low value may have
an impact on shortening cycle times as a result of shortening hold times. Recalling that the time-
to-TNU is related to the cycle time, so that faster the time-to-TNU, the shorter the cycle time.
For example, for bioassays using the PCR reaction, typically about 40 cycles are run per
sample per analysis. Currently, for thermal cycling utilizing a standard format for end-point
protocols, about 40 cycles may be completed in about 15 minutes, or about 23 seconds per
cycle. Therefore, for example, by even reducing the cycle time to 15 seconds, this would
translate into a run time of about 10 minutes, which is 6 runs an hour, instead of 4. The impact
on both the quality of data as well as throughput may be significant for a variety of end users.
According various embodiments of a thermal block assembly and instrument of the present
teachings, a time-to-TNU may be up to about 5 seconds. In various embodiments of a thermal
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t hrough user interface 522 of thermal cycler instrunent 500 and 626 of
thermal cycler instrument 600. A conputer system 700, as depicted in FIG
18 may sewoeon28834provi de the control the function of &Crhseeelo4tsys! er
instrunment, as well as the user interface function. Additionally, conputer
system 700 may provi de data processing and report preparation functions.

Al'l such instrument control functions nay be dedicated locally to the
thermal cycler instrunent, or conputer system 700 nmay provide renote
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magneti c tape, or any other magnetic nedium a CD ROV any ot her optlcal
medi um punch cards, paper tape, any other physical nmediumw th patterns of
hol es, a RAM PROM and EPROM a FLASH EPROM any other nenory chip or
cartridge, a carrier wave as described hereinafter, or any other nedium
fromwhich a conputer can read. [0006] Various fornms of conputer readable
media may be involved in carrying one or nore sequences of one or nore
instructions to processor 704 for execution. For exanple, the instructions
may initially be carried on magnetic disk of a renote conputer. The renote



[ 00062] Further, it should be appreciated that a conputer 700 of FIG 18 may
be enbodied in any of a nunber of forns, such as a rack-nounted conputer, a
deskt op cwopotrss3a | apt op conputer, or a tablet conput @CI/Use@ondisng t o
vari ous enbodi ments of a conputer 700 of FIG 18, a conputer nay be
enbedded in any nunber of nobile and web-based devices not generally
regarded as a conputer but with suitable processing capabilities. Exanple
of such devices nmay include, but are not limted by a Personal Digital
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2011/ G1EBHPO PSSR/ B TP UiFySId YRS eludls a read only memory (ROM)
708 or other static storage device coupled to bus 702 for storing static information and
instructions for processor 704. A storage device 710, such as a magnetic disk or optical disk, is
provided and coupled to bus 702 for storing information and instructions.

[00058] Computer system 700 may be coupled via bus 702 to a display 712, such as a
cathode ray tube (CRT) or liquid crystal display (LCD), for displaying information to a computer
user. An input device 714, including alphanumeric and other keys, is coupled to bus 702 for
communicating information and command selections to processor 704. Another type of user
input device is cursor control 716, such as a mouse, a trackball or cursor direction keys for
communicating direction information and command selections to processor 704 and for
controlling cursor movement on display 712. This input device typically has two degrees of
freedom in two axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the device to
specify positions in a plane. A computer system 700 provides data processing and provides a
level of confidence for such data. Consistent with certain implementations of the invention, data
processing and confidence values are provided by computer system 700 in response to
processor 704 executing one or more sequences of one or more instructions contained in
memory 706. Such instructions may be read into memory 706 from another computer-readable
medium, such as storage device 710. Execution of the sequences of instructions contained in
memory 706 causes processor 704 to perform the process states described herein. Alternatively
hard-wired circuitry may be used in place of or in combination with software instructions to
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1. A thermal block assenbly for thermal cycling conprising: a sanple block
having a first surface and a second surface, wherein the first surface is
adapt ed WO 208028884Nng a sanpl e support device; a heat siPOl/USeMMPNITIHg a
base having a first surface, a second surface and a plurality fins pendant
t he second surface, wherein a space between each fin provides for a flow
path for air passing froman inlet side of the plurality of fins to an
outlet side the plurality of fins; and a plurality of thermal electric
devi cévplgment thermgnbien. vikea implemsataiivrs ¢fltoe kvaripnresenoklinied todasy epecifiche

f oot prebRbirtiod BEnPhwaRldikYir9hnt BefwRkE. el ectric devices effectively matches

the footprint of the second surface of the sanple block and first surface
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te up t ou s. 5. The

reachi ng_a target, setpoint nperature Is o about 5 secon
t her miMS HP8ckaBYBIEHAN (nesha @anAalsa ke {iiefPEm /f a¢pustiepilighhvayesrpethhaethess s a

val ue genstbdduriag ir TPk Whe inTRasdidath dombumtationki ty of sanples in the
sanpl e support device. 6. The thermal bl ock assenbly of Claim4, wherein

tlhe slefpmmiiomt Cenmpmnabmaaoficﬁan@utmrea.mabm&eddiachmdeemneﬁahpie,eaf‘ram;wiﬁdai nrrb ia
b 0 ek B3I oot B W e ifbgnie bRg M S R RIS R 1)

of t hepteatpiaslium,qeiach ardn, paper tape, o atberathybisahiediumiydiitpate0B athplesabout
0.25 @AM, PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier

wave as described hereinafter, or any other medium from which a computer can read.

[00061] Various forms of computer readable media may be involved in carrying one or more
sequences of one or more instructions to processor 704 for execution. For example, the
instructions may initially be carried on magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 700 can receive the data on
the telephone line and use an infra-red transmitter to convert the data to an infra-red signal. An
infra-red detector coupled to bus 702 can receive the data carried in the infra-red signal and
place the data on bus 702. Bus 702 carries the data to memory 706, from which processor 704
retrieves and executes the instructions. The instructions received by memory 706 may
optionally be stored on storage device 710 either before or after execution by processor 704.

[00062] Further, it should be appreciated that a computer 700 of FIG. 18 may be embodied in
any of a number of forms, such as a rack-mounted computer, a desktop computer, a laptop
computer, or a tablet computer. According to various embodiments of a computer 700 of FIG.
18, a computer may be embedded in any number of mobile and web-based devices not
generally regarded as a computer but with suitable processing capabilities. Example of such
devices may include, but are not limited by a Personal Digital Assistant (PDA), a smart phone,
and a notepad or any other suitable electronic device. Additionally, a computer system can
include a conventional network system including a client/server environment and one or more
database servers. A number of conventional network systems, including a local area network
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8. The thermal bl ock assenbly of any one of the preceding clains, wherein a
static thermal non-uniformty and a dynam c thermal non-uniformty of the
sanpl e blwokoaressgsentially the same. 9. The thernmal blPotRISassputshy of
Claim 8, wherein the static thermal non-uniformty and the dynam c thernal
non-uniformty of the sanple block are essentially the sane at a defined
time during a thermal cycle. 10. The thernmal bl ock assenbly of Caim?9,
wherein the defined tine during a thermal cycle is a defined clock start.
WO 2018ANPesRwREH ¢ssaworkodVATY)3 and incipiingt wiksleas| angdlos alired seepbngnisfare] ai m 10,
uher eiohih MBI NRBIRLRAY, SbAdertet ol dinfifd! Ak saheIL ard feiRbrd digr et
set poi nt terrperature of thermal cycle. . The thermal bl ock assenbly of
a ai mwell, Oﬁh@?@?ﬁ'ﬂh@@et poi nt terrperature is a value based on a
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practical application of the disclosed embodiments of the art described, thereby enabling others
skilled in the art to understand the various embodiments and various modifications that are
suited to the particular use contemplated. It is intended that the scope of what is disclosed be
defined by the following claims and their equivalence.
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16. The thermal bl ock assenbly of claim 14 or 15, wherein the duct is
adapted to fit securely to the inlet side of the plurality of fins. 17. The
t her mal bWwockiizessabl y of any one of the precedi ng cl ai msT/Ushew@iT573 he

hei ght of the plurality of fins varies across the length of the plurality
of fins, providing flow paths that are the | ongest near the base of the
heat sink. 18. The thermal bl ock assenbly of any one of the preceding
clainms, wherein the sanple block conprises a flange optim zed to reduce the
hor i zOMHAT 1$ ICBAIMEDHSAt , t hereby reduci ng the sanple bl ock ther nal
non-uniformty. 19. The thermal block assenbly of any one of the preceding
cl ai s, Aflmraiahblotieassamplyefobiheokaleyatingi ®ewriainfi r st si de surface, a second
side surface, a third side surface, and a fourth side surface, wherein

t her mal  A&3EPleLI having\alirgt $UEi@re Y BEEeeNS FwiRcearterein thairstenriags &,

t her eby acahied fog rddeirgearpdraplblsopgort deiceal non-uniform ty. 20. An apparat us
conprising: a control system and a thermal block assenbly according to any
one of t ﬁgeﬁtr%%%gm@lsmgag basethavimgadfirst surface, a second surface ard a plurality fins

pendant the second surface, wherein a space between each fin provides for a flow path for
air passing from an inlet side of the plurality of fins to an outlet side the plurality of fins; and

a plurality of thermal electric devices positioned between the sample block and heat sink,
wherein the footprint of the plurality of thermal electric devices effectively matches the
footprint of the second surface of the sample block and first surface of the heat sink to
provide substantially uniform heat transfer throughout the thermal block assembly.

2. The thermal block assembly of Claim 1, wherein a dynamic thermal non-uniformity of the
sample block is an average value of between about 0.05 °C to about 0.25 °C.

3. The thermal block assembly of Claim 1 or 2, wherein a static thermal non-uniformity of the
sample block is an average value of between about 0.05 °C to about 0.25 °C.

4. The thermal block assembly of Claim 1, 2 or 3, wherein a time to reach an essentially stable
thermal non-uniformity of the sample block after reaching a target setpoint temperature is up
to about 5 seconds.

5. The thermal block assembly of Claim 4, wherein the setpoint temperature is a value based
on a temperature measured in a plurality of samples in the sample support device.

6. The thermal block assembly of Claim 4, wherein the setpoint temperature is a value based
on a temperature measured in a plurality of positions in the sample block.

7. The thermal block assembly of Claim 4, 5 or 6, wherein the essentially stable thermal non-
uniformity of the sample block is an average value of between about 0.05 °C to about 0.25
C

8. The thermal block assembly of any one of the preceding claims, wherein a static thermal
non-uniformity and a dynamic thermal non-uniformity of the sample block are essentially the
same.

9. The thermal block assembly of Claim 8, wherein the static thermal non-uniformity and the
dynamic thermal non-uniformity of the sample block are essentially the same at a defined
time during a thermal cycle.

10. The thermal block assembly of Claim 9, wherein the defined time during a thermal cycle is a
defined clock start.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

WO 2011/028834 PCT/US2010/047573

The thermal block assembly of Claim 10, wherein the defined clock start is initiated within
about 1 °C of a target setpoint temperature of a thermal cycle.

The thermal block assembly of Claim 11, wherein the setpoint temperature is a value based
on a temperature measured in a plurality of samples in the sample support device.

The thermal block assembly of Claim 11, wherein the setpoint temperature is a value based
on a temperature measured in a plurality of positions in the sample block.

The thermal block assembly of any one of the preceding claims, further comprising a fan
sub-assembly comprising a fan and a duct, wherein the fan sub-assembly is positioned to
provide airflow through the flow paths of the fins from the inlet side of the plurality of fins to
the outlet side of the plurality of fins.

The thermal block assembly of claim 14, wherein the duct provides a uniform flow path from
the fan to the inlet side of plurality of fins.

The thermal block assembly of claim 14 or 15, wherein the duct is adapted to fit securely to
the inlet side of the plurality of fins.

The thermal block assembly of any one of the preceding claims, wherein the height of the
plurality of fins varies across the length of the plurality of fins, providing flow paths that are
the longest near the base of the heat sink.

The thermal block assembly of any one of the preceding claims, wherein the sample block
comprises a flange optimized to reduce the horizontal flow of heat, thereby reducing the
sample block thermal non-uniformity.

The thermal block assembly of any one of the preceding claims, wherein the sample block
comprises a first side surface, a second side surface, a third side surface, and a fourth side
surface, wherein thermal mass is selectively redistributed from each of the surfaces, thereby
reducing the sample block thermal non-uniformity.

An apparatus comprising:
a control system; and

a thermal block assembly according to any one of the preceding claims 1 to 19.
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