LONM MASS THERMAL CYCLI NG BLOCK FIELD [001] The
present teachings relate to thermal cycling of
bi ol ogi cal sanples. Mre specifically, the present
teachings relate to Iom#nass thernal C cling bl ocks.
}OVOMIAS ALOC ¥ GiLdN QGK t her mal
cycling can be utilized to provide heatlng and
cooling of reactants in a reaction vessel. Exanples
FIELDof reactions of biological sanples include
— polynerase chain reaction (PCR) and other reactions
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desirable to heat and cool a thermal block rapidly
and coalivy oficbotamtsy/in dlieachore sesdelt Eaamplegsofpeastiote of biwiomss
thermal cycling bl ocks. Existing blocks are machi ned,
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an apparatus for thermally cycling biological ]
tlemperaduistene prelecabipar lclilesds ngﬁmg intg &l £ FHRNGS cyealing
for receiving the biol ogical sanples;
primers le thepsihglet strandspadd leaderidimgritidse pnmqarlsdd rhakd hew copies of
thermal bl ock; and a heat sink, wherein said heat

doublesétrdndedl DRAL @u#lw%ﬂﬁmiaedyélmgt hes HesiFame ke BEAl nd cool a
nodul e, wherein the thermal block is produced by

thermdylecklrapidly and uniformly. The present teachings provide low-mass

thermal cycling blocks. Existing blocks are machined, the present teachings provide
manufacturing methods for constructing low mass thermal cycling blocks for rapid
and uniform temperatures between samples welis leading to uniform quantification of
reaction results.
SUMMARY

[003] In accordance with a first aspect of the present invention, there is
provided an apparatus for thermally cycling bioclogical samples, the apparatus
comprising: a thermal block for receiving the biological samples; a thermoelectric
module thermally coupled to the thermal block; and a heat sink, wherein said heat
sink Is thermally coupled to the thermoelectric module, wherein the thermal biock is

produced by MIM.



[004] In accordance with a second aspect of the
present invention, there is provided a nethod for
thermal ly cycling biological sanple, the nethod
conprising providing a thermal bl ock, wherein the
thermal bl ock is produced by M M process; heating
the thermal bl ock; and cooling the thermal bl ock;
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[006] It is to be understood that both the foregoing general description and

the following description of various embodiments are exemplary and explanatory

only and are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[007] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate various embodiments. In the drawings,

[008] Fig. 1 illustrates a machined thermal cycler block;

[009] Fig. 2A-2B illustrate a low-mass thermal cycling block according to the
present teachings; and

[010] Fig. 3 illustrates a low-mass thermal cycling block according to the

present teachings.



DESCRI PTI ON OF VARI QUS EMBODI MENTS [011] In this
‘application, the use of the singular includes the
" plural unless specifically stated otherwise. In this
wappkiieatd on, the use of "or' neans "and/ or" pCuniseme/018233
stated otherw se. Furthernore, the use of the term
"incl udi ng ) as wel|l as otherforns, such as
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specifinaly stated atheswises pethis ppplidajiortthe ege of 'ey’ wiesas "and/or™
Wher ever possible, the same reference nunbers will
unles$ statm;dthehmeag ﬁudhemedﬂmmsegs‘ the taret imcluding as seifies
like parts. [012] The section headi ngs used herein
other ‘Etrrmst eucloag tintinads el "inpiudses gs noblimitingadds@ termeoduch@s
be construed as limting the subject matter
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ove anmbient (20C), can conprise resistive heating
artici%;ﬁ beels. eneriraatisds. qE cxRResRl IRcaRerRid byiaipienge Hutheir
into the thermal bl ock assenbly by the thernoel ectric

- entirefipigriEay dyEasset  di ffusi on of heat away fromthe
thermal bl ock assenbly. Thermal cycling during
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bl ock assenbly above anbient (20C), can conprise
samplaspouigeb datt-purnping) intbearndmitwikb théoek baskerdsisyivdyetivey of
the th:;rmal biock, and diffusive cooling of the thermal block. The term “thermal
cyclin_g” or grammatical variations of such as used herein refer to heating, cooling,
tempefatui‘e ramping up, and/or temperature ramping down. Thermal cycling during
temperature ramping up, when heating the thermal biock assembly above ambient
(20°C), can comprise resistive heating of the thérmai block assembily andfor
pumping heat into the thermal block assembly by the thermoelectric module against
diffusion of heat away from the thermal block assembiy. Thermal cyciing during

temperature ramping down, when cooling the thermal block assembly above ambient

(20°C), can comprise pumping heat out of the thermal block assembly by the
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nmodul e and di ffusion of heat away fromthe thernal

bl ock assenbly against resistive heating. [014] As
wobbmsatssat ed in Fig. 1, thermal bl ocks have kregms2006/018233

either machined from a solid piece of netal or
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- well-bores 20 formthe recesses for wells that can
againsg seislive hegiig.es for thermal cycling. Mass-reduction
bores 30 renove mass fromthe bl ock to reduce the
{0rel] mAs iltustetestintfie T thwrrnal blocks bavs Bean atthefraachined from
machi ned to reduce the mass on the sides di nensions
a solidgfietéef robiat b formei! dydesplingpsevarad pigensmiangtadpgeiner. As
bl ock wi t hout machi ning. [015] In. various
can beegdandiroma tives maichingld biotket, mall-bores 26 dorfrMiid recesses for wells
provide a process for manufacturing netal parts. MM
that cafPdbrEsARbAPIdTor drsinahcydiagdMaseiredpdistbores B erhbwmmass
mol ding with the performance of metal. M M can be
from wsss\@cmd RedubB b thebramass af 1HaibluR 10: OPResides 40@sé en,
al 'oys thereof. [016] In various enbodi ments, MM
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'S pe ‘etized and directly fed into
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urther | ude i njection nol rein.the
plastic Bigglon Elo80 Wi GBI ¢ HB&BI 0 Budl o g it -
with pressure is forced into a ld to formthe
metalyipusT exalyEdmT ePPERURSHEBEHFEACYP RSN as the
"green" part. MMcan further include de-binding
ipeskiin varieupenpagimants,Biiean ingluderfsvdxioeihaithg Wyersjn
heating the "green" part to 400 degrees Celcius or
very s piepre ase ﬁmmdemmatthemmi@tmmMﬁrr{gnowm gs gHapger) to
and si ze, the de-bound or "brown" part is a powder
form s rlcieanixtthaof ingredients thatiis peketized aodrdestly Tod-ibiorriplagtic
is perforned in an oven where heat and airflow are
molding machine. This pelietized powder-polymer is known as feedstock. The metal
powder and binders are mixed and heated in a mixer and cooled to form granulated
feedstock. MIM can further include injection molding, wherein the feedstock 'is
heated fo melt the plasiic and then with prr:zse;urn is forced into a mold to form the
deswed geometry. The molded part is known as the “green” part. MIM can further
include de—binding, wherein the polymer or binder is removed thermally by heating
the “green” part to 400 degrees Celcius or 752 degrees Fahrenheit. - While retaining

its shape and size, the de-bound or “brown” part is a powder skeleton that is very

brittie and porous. De-binding is performed in an oven where heat and air flow are
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exhaust products are fluxed out. The oven converts
the "green" part to the "brown" part. MM can-
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is heated to nore than 1200 degrees Ceicius or 2192
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160 As illustrated in Fig. 3, thermal block 100 can
- 1218 %ow de different configurations configured to

contain sanple wells - with reactions, volunes ran g
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- enbodi nents, the sanple block material can be
which gigfestrated iviha@ecomPaBying drawingar Whergvar psshlsnthesame .
conpari son of the thermal bl ocks descri bed above
referenfenpimnaberatare gsedh in tiefdrawings @ndithe description to refer fo the same

or like parts. .

[019] in various embodiments, as illusirated in Figs. 2A and 2B, thermal
blo;:k 100 can provide low thermal mass with minimum attachment points to each
section encircling the sample well and minimizing the thickness of the wall in
séctions around the sample well. Asillusirated in Fig. 3, thermal block 100 can
provide different conﬁggraﬁons conﬁgured {o confain sample wells with reactions
volumes ranging from 5.0 microliters to 100 microliters. In various embodiments, the
sample block material can be copper, aluminum, or silver. Chart 1 beiow shows a
comparison of the thermal blocks described above demonsirating the differences in

temperature ramp rate in degrees Celcius per second for different materials.



tenperature ranp rate in degrees Cel cius per second

for different materials. 5 WO 2006/ 124512

PCTNS2006/ 018233 Chart 1 Thermal Block Fig. 1 Fig.
w@odaRBi2Fi g. 3 Material ___Popper 5.53 9. 3p8r482006/018233

Aluminum 7.71 12.91 11.82 Silver 7.81 13.14 11.94

[020] In various enbodi nents, the thermal bl ocks

illustrated in Figs. 2-3 damrbé nanufactured by MM

The thernmal blocks in Figs. 2-3 can be used in an
amefmbLBlotiort t heFigahly clycHign®@A Bi 28 ogi cal Figadmpl es.
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from-the—thermal—bleck—tr—vartrous—enbodrment s, —the
thermal block can include several block segnents as
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the thermal Dbl ock provide substantial tenperatureb

apparaiiwff@'rﬂ?etryaiiwx@u@@Bmogf% samplep- ofhedngag)i Riggks can be
sanples contained in the array of sanple wells

adapted tpteseiving thediipgic! sasmplenef ieermagjeatingodptsxen i
vari ous enbodi nents, the apparatus for thermally

coupled ol thedghding! bgaakadnth 3 hepl sisk gaderheathte provide agiatipn of the
resi stive heater positioned around the periphery of

heat guntped frernitaé tHdroakbiaokl/ br varives penbauireetsothet therra lbdock can
adapted to receive the sanple wells such that the

includeel BRI blUlcRGlsghTepts SeShawbBLRIDS.iRB Haeimpefartexample, capable
uniformty to the biological sanples in the sanple
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can lnc!ude copper sitver, aluminum, and/or go!d It is desirable that the thermal
block prowdn substantial temperature uniformity throughout the array of biological
sampies contained in the array of sample welis coupied to the block for thermal
cycling.

'[021] In various embodiments, the apparatus for thermally cycling biological
" samples can further include a resistive heater positioned around the periphery of the
thermal block and/or the periphery -of the holes adapted to receive the sample wells
such that the thermal block provides substantial temperature uniformity to the
bio]ogicai samples in the sarﬁple wells by distributing heat provided by the resistive
heater. In various embodiments, the thermoeiectric module can be used to provide
‘biased heating to the thermal block duriﬁg heating cyclés and o remove heat by

- pumping it out of the thermal block.



heater. I n various enbodi nents, the thernoelectric
nodul e can be used to provide biased heating to the
thermal bl ock during heating cycles and to renove
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by purbfif PB4t SAWIBChb\BémebisaiP Ao, hidh danive &lse be used for
thermal bl ock to the environnment during cooling
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an axip bgianged b @npeer reres blogkfo PERYIdR 2 cRRVESEIVR Gueepisymilar to

- machining the thermal block froma solid gi ece of -
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gas, sudke asRirtdraitpigenato tgntadt tha thermahblock. The serced gas edn bave
portions of the thernal

-ambient temperature or can be chilied to below ambient temperature.

{023} in various embodiments, MiM can provide thermal blocks that cannot
be produced by machining the thermal block from a solid piece of metal because the
MiM thermal block has a thickness that cannot be uniformly machined such that
every one of the plurality of ,s'ampie wells is surmounded by portions of the thermal
block having similar thickness. For example, MiM can provide rounded surfaces for
contacting the sample wells and rounded exterior surfaces with a flat bottom as in
Figs. 2A and 2B. Alternatively, MiM can provide more than oné exterior surface for

rigidity while removing interior material other than rounded surfaces for contacting



bl ock having simlar thickness. For exanple, M M can

provi de rounded surfaces for contacting the sanple

wel | s and rounded exterior surfaces with a fl-at
whaiddsamsas in  Figs. 2A and 2B. Al ternativel yworMshlosars2ss

provide nore than one exterior surface for rigidity
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biocks anere rapidiv anshcqnsisiedy hantmaghinia@gnent s of t her mal
bl ocks nore rapidly and consi stently than machi ni ng.
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. bl ocks that can have tenperature uniformty
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provi ding heating and cooling using thernoel ectric
heating@fid|ceslimliying ermvetscind medoles palyf damnses af such
descri bed in the exanple bel ow. EXAMPLE [025] The

peﬁorﬁw@hb@ﬁfé@eédnﬁéé:ﬁﬂ%@@hﬁbléb@mfOf the thermal bl ocks
tested. Block material: copper block with thernal

EXAMPRE no resi stive edge heater, no copper insert in
= 1he heat sink, TEC set current +4. 5A & 5.5A, sanple

3@% g? g ﬁ%i’ P@%ﬁsﬂfﬁ% doraikiiont Fdrfe thte?rﬂaeﬁiéiﬁdé rté‘sted Block

eat ed cover tenperature
mater Bophrk e i AT ol S s BUE hé’%t%ﬁ?%’?g%& it
vered ot T Ben s B Sl Ik Bl
dard devi ati on 0753% - % pea ul k
tempelue URBIPBIA 2P tmd RS EHA TR 53 R0 sec

effective ranp rate (standard deviation O 54),
consuimable, heated coverquessuie ofblg-deart weight. psfirstraed $%§@Fit’f%8tof

the second test provided averages of 3.60C sec peak
consisbed & dvetst stdpe  (Theaasistsdfthaviirat ﬁSB?PrOVId@@ayeTEQBS 0

-4.88C/ sec peak bulk cool rate (standard deviation

© . 3.68°0Vs8d Pk biaik Hedt rAfesteeiarf deddtiond.0758)p4103r@/sés paaldhull cool
devi ation 0.0242), were nmeasured over the six test

R R S A
deviation 0.{)354), were measured over the six test strips. The results of the second
test provided averages of 3.60°C/sec peak bulk heat rate {(standard deviation 0.0632),
-4.88°C/sec peak bulk cool rate (standard deviation 0.0753), and 2.76°C/sec effective
ramp rate (standard deviation 0.0242), were measured over the six test strips. The first
test provided for 10uL volumes provided a temperature nonuniform'rty for ramping up
temperature for 10 seconds of 0.401-0.724 °C. The second test provided for 10ul
volumes provided a temperature nonuniformity for ramping up temperature for 10
seconds of 0.364~ 0.776 °C. . The first test provided for 10uL volumes prﬁvided a

temperature nonuniformity for ramping down temperature for 10 seconds of 0.132-

0.306 °C. The second test provided for 10ul volumes provided a temperature

g



tenperature for 10 seconds of 0.401- 0.724 C. The
second test provided for 10uL volunes provided a
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i s ‘specification and appended cl ai ns, unl ess

3&12@[ WSS hed ggﬁ%‘é@g of Blid spetiRetion 848 ragﬁéﬁ&éﬂ c:lainflnqs, unless

tities, "centages or proportion and ot her

otherEF ko A S gk Sy AT bR R proporions.
|1 inst. by th " " i nal.y,

ana off sUBRHRASER B4 B b pfSSf LAY e

anar BT i B e BRI o RRES i)
dependi ng pon the desired properties sgu ht E—,o‘fb!?' o

unless BidigatedTniie1aeBirphe i BUMRGEH PREFMEIRES $atdolia frythe Toliowing

| east, and not as an attenpt.to . lintt the application.:

speciigationandstiachee clsime gie sepieximatiops thajanay iy dspengieg uport
cl ai ms, each. nunerical parameter should at |east be

the destiedtnropertien solighfiie befotiaiaet v preseridpyentiog. At the very
significant digits and by applying ordinary roundi ng

least, tamclmuit @s em. attempt to limit the application of the doctrine of equivalents to

the scope of the claims, each numerical parameter should at least be construed in

light of the number of reported significant digits and by applying ordinary rounding

fechnigues.

[027] Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains cerfain errors necessarily resufting from the
standard deviation found in their respective testing measurements. Moreover, all

ranges disclosed herein are to be undersiood to encompass any and all subranges

9



[027] Notw thstanding that the nunerical ranges and
paraneters setting forth the broad scope of the
i nvention are approximtions, the nunerical val ues
weedos/1isit h in the specific exanpl es are repectrag2mso18233
precisely as possible. Any nunerical value, however,
i nherent | contal s _certaip.err pece ril
SUbS”rF‘%‘éﬁﬁrﬁ‘l'?g)f:iﬂf ag?ﬂﬂ%lgf f\%‘F’ﬂtl off "6% rg'r?nfjf?éll r
respective testl n surepents. . Moreover
subrangaR GESVRATS(ENESRABILIE MBI VBe i 7er A g gaximum
enconpass any and all subranges 9 WD 2006/ 124512
value BPGfL Ui G0 enY 26438 subtAaeseEvinges Binimuppyalug ghpaeal tg or
range of "less than 10" includes any and all
greatesthanaege snt etmexdmupawalue of adrl g pr ase thami tamov It é.
~of zero and the maxi mum value of 10, that is, any
forslal i isnobiedinets abaseh mlaﬁpauﬁmatlmaaué thef amn‘dbdtdaim&
or (greaterthan zero and a maxi mum val ue of equal to
the singllak &fnd "adrah(,arg. "gie, ! intladd pliraP@ferehisi unlerst@grédsit and
as used in this specification and the appended

unequﬁbééll%tmltéch@ dricvafdrant. oTHIR, for.exanpls, refarshcsttbea "
i nclude plural referents unl ess expressly and

thermdg@ﬁﬁd: Weedld Yinkiudbt 86 bPreRe tHePnebRRric mbdses.f or

exanple, reference to "a thernoelectric nodule "

\Rﬂﬂ?‘é} 1UdRSwil 8 hafi %o ﬁ-’&% '%R@laﬁ l‘ﬁtg'lecarf@ﬂ\‘# L8%oud Pications

be apparent to those s in the art that

and v 16\%‘381 n_%'rrﬁoécféa{o' v%'? us gﬂﬂ%)ﬁgﬁ%e%'dggén@ﬁhé?@m%ﬁ%uft 0

I OUS e rTERtS escr elrn
depaﬂef&:ﬁ R 8BRS 25e ok b ShnEoRiaEl R e
nbodi [ h
PR RN A S —

appended cl ai s and their egui val ent 10 WO
within H5b8PPEA 1he EPRINURHYBBITAELBST SHINAIGNS- L Al VED | S:

1. An apparatus for thermally cycl i ng b| oI ogi cal
~sanpl es, the apparatus conprising:.:
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a thermal bl ock for receiving the biological sanples;

a thernoel ectric nodule thermally coupled to the

thermal bl ock; and a heat sink, wherein said heat
wei2ebs1t hermal |y coupled to the thernoel e@icnig2006/018233

nodul e, wherein the thermal block is produced by MM

é'. The 8ggﬂ£at us of claim 1, wherein the thernal
WHATGS | :ses several block segnents. 3. The
appar atus of claiml, wherein, the thermal bl ock
, r| ses east,, one, of | v al umi num
1. AR s%rt%@@BﬁPerlo&$%?a¢WP% frerbeitiine

tcgﬁ{ bl ock is adapted to provide substanti al
tenperatgure uniformty throug) out an array of
bi ol og.tb@m@lﬁﬂké@rraﬁ:@mrmthé iqlpoigdl SEMPISE.of sanpl e

wel |'s f
conpr ﬁglﬁ%%n a resl Q{ﬁjﬂ 9{1 'ﬁ)&*v'\{%&e’ﬁ‘)#’%i@ﬁ‘aﬁgif’ r?}é’l and
bl ock apveat sidkswhetsin azitliheht siohjsethatroaily emiplastleithg by

srtrl %% ‘%B%t provi ded by the resistive heater.
eﬂ?g FAPSPHS of clai m 5, wherein thethermal bl ock

provi deersit fisd thigiinal blotle aeodhcacebyldiNor m ty by
di stributing heat provided by the thernoelectric
nodul e. 7. The apparatus of claim4, wherein the

2. W@aréih@%’ﬁciﬁfrﬁw deeran B Makhal bioék%’&?ﬁgﬁlﬁe@rs%vera[ block
uniformty by renoving heat punped out by t '

t99gMebt. ectric nodule. 11 WD 2006/ 124512
PCT/ US2006/018233 8. A nethod for thermally cycling
bi ol ogi cal sanple, the nmethod conprising: providing a
3. tTeramlar#tie ok claih dr, wiherain ghe hermal bletkoeamprisesral gne of

bc\épper SI!\P Oglﬁﬁﬁﬁum, and gold.

4. The apparatus of claim 1, wherein the thermal block is adapted to provide
substantial temperature uniformity throughout an array of biol‘ogica! samples

contained in an array of sampie wells.

5. Therapparatus, of claim 4, further comprising a resisfive heater, wherein the
.thermal bilock provides substantial temperature uniformity by distributing heat
provided by the resistive heater.

' 6. The apparatus of claim 5, wherein the thermal biock provides substantial
temperature uniformity by distributing heat provided by the thermoeleciric

moduie.
7. The apparatus of claim 4, wherein the thermal block provides substaniial

temperature uniformity by removing heat pumped out by the thermoelectric
moduie.

11



heating the thermal block; and cooling the thernal
bl ock; wherein the heating and cooling provide
substantial tenperature wuniformty throughout a

wohsticabdsiy of biol ogical sanpl es contained i pcayus2o06/018233
plurality of sanple wells. 9. The nethod of claim 8§,
wherei n heating conprises providing heat froma
resistive heater. 10. The nethod of claim9, wherein

8.CAGh&REd SO PEIASH é}}éﬁﬂ?@ B%idb?ﬁa‘i sQM%;LéMgQ P‘éﬂfbd conl%rismg

t her noel ectri c nodul
wher ei womgimg Aaghdrmel hl@ﬁk,d@}mmlrstés tiweronsll diaok ispecduced by
wlﬁ m)el ectric nodule. 12. The nethod of claim
9 efein’cooling conprises spinning the block to
" provi deeatingibe thermatl bleskpaid on of heat to the

envi ron 13. The net hod of claim?9, wherein
cool i n‘@o 89{{)’??&% 5'5%. ng forced gas and
C o nt acihégir e ffeﬁi’nﬁg Gné adoihd Provite dubRtdrak t*éhﬁféfature

Fhe met hod of claim 13, further conprising cooling

t H'é' araity doroygowa ehwralinhei Rielpgicahssenples centairedipa plurality
2804 et PCT/U820061018233 15. An appar at us
forthermal Iy cycling biological sanples, the

apparatus conprising: neans for receiving the

i j - : : ' 1e bi I I
9. JTH At oBAHL & whoriF et confiflrel Brovifind e b
stessities heateer ei n t he heating and cool i ng provide

substantial tenperature wuniformty throughout a
plurality of biological sanples contained in a

10pThis aetiiod of claim 9, wherein cooling comprises pumping heat out with the
thermoelectric module.

11.The method of claim 10, wherein heating further comprises providing heat
~ from a thermoelectric module.

12. The method of claim 9, wherein cooling comprises spinning the block to

provide convective dissipation of heat to the environment.

13.The method of claim 9, wherein cooling comprises providing forced gas and
comtacting the forced gas with the thermal biock.

14.The method of claim 13, further comprising cooling the forced gas below
ambient temperature.

12



of sanple wells, wherein means for receiving the
bi ol ogi cal sanples is produced by MM 16. The
apparatus of claim 15, wherein the nmeans for | -

woeeRivistg the biol ogical sanples. is a therg@ydbeksss
produced by M M that cannot be produced by nachining

the thermal block froma solid piece of netal. 17.The
apparatus of claim 16, wherein the thermal bl ock has

hi ck wh in. i b
15 APAPAROR G R b T PlBGEr S nRBE Ot atfaratue
plcumplising: of sanple wells is surrounded by portions
of the therpal block  havin 7i m | ar thickness.
18. Themﬁﬁaa?%trsgewgéh%gmlﬁ?a WABPE S t he M M
pr ovi dieahe WHdRARY the bR A safPRisaghd Ng the sanpl e

wel I's and rounded exterior surfaces with a flat
bot t onineans forreolipg drebickogisal samples15, wherein the

MM D Gl s 1B S BARARBIEY RN s RS ehfiiorature

rigidity and renoveS T nterior nater

r aniichedtydbrdugbest a plurality of bictoging! sdrapleamphtaives insa plurality
20, The ar Eg(’gat us of claim15, wherein the MM
pPB%‘?’HB?"ﬁ tions of the means for receiving the

bi ol ogwhaleirs AigaheJor rkdeiving the biological samples is produced by

MIM.

“16.The apparatus of ctaim 15, wherein the means for receiving the biological
' samples is a thermal biock produced by MiM that cannot be produced by

machining the thermal block from a solid piece of metal.

- 17.The apparatus of claim 16, wherein the thermal block has a thickness, .
wherein the thickness cannot be uniformly machined such that every one of
the plurality of sample wells is surrounded by portions of the thermal biock

having similar thickness.

18.The apparatus of claim 15, wherein the MIM provides rounded surfaces for
contacting the sampie wells and rounded exterior surfaces with a flat bottom.

19. The apparatus of claim 15, wherein the MIM provides more than one exierior
surface for rigidity and removes interior material other than rounded surfaces

for contacting the sample welis.

20.The apparatus of claim 15, wherein the MIM provides portions of the means
for receiving the biological samples.
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