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APPARATUS FOR REGULATI NG THE TEMPERATURE COF A
Bl OLOG CAL AND/ OR CHEM CAL SAMPLE AND METHOD OF USI NG

WO RB7SAMVEL FI ELD OF THE | NVENTI PN [0001] The prBSBG2007/000047
invention relates to an apparatus for regulating the
tenperature of a biological and/or chem cal sanple,

RPPARATESI BOR BRGYILA TING THE TEMPERA EUREBACABIOND GICAL
OF THE | NVENTI ON ngﬁoz Nunmer ous di agnosti c
an

AYD/OR CHYMK PLE ANDNHUFHOD OF USING (K SAME
whi ch tenperature changes are effected. To achi eve
reproduci bl e and accurate results it is required to

mai ntai n control of FEERD OFPHEMNYENIION r eact i on

m xture, such as a sanple, and to maintain tenperature

unif0eoyi Mhe prdsbntrintdiion eslpes to Me apagtus i regulitingethe temperature of

Further, many di agnostic,  analytical and preparative )
ablﬁf@&f@ﬁmdégr f caiﬁaréﬂzmeul LFAIE %.Hglagtdm?i?t-

performance at a defined tenperature. To obtain exact

tenperature congr, N mﬁﬂﬂ} to

provi de a cl osehégﬁnggg[d[z%?\;\e(ggﬁ%é reac W;Iﬁ m xture

and the heating or cooling elenent. At the sane tine
cr 48602 oNtumetona tdiagmestaf adalffieal emid preparhiiven proceduwresesclude steps in

e, g. sanples, need to.b i ded. [000 ex | e of .
whigh Jpra3ERs RS 1 YT | BoEate FOAHE P, BOFAG results it is
req@ited ©MRAMAINVE N bf Bk Rrhper@tinfe PR teh&ibnahlxturequeh bR kample, and to

is in vitro nucleic acid amplification by neans of the

maigkisy FeRpeEiEn MHiormEy « Wihin RoRyesPIgfiyiectsaryon muxipeR Further, many
. 3 S . e o .

s RIS A WP VE DI PRUREP T o HPRAELIYARR show an opil

perfepancet atoa defined ¢enmidtatdisu Floeclainaerdch teneipnaitreo@ntrol fitois generally

abo 94 ( cQol] - . .

reaPtle il d Bus P BRI HE - B kbt ing e ealflyor cooling

clebbifs. Aaninesdmetine carsd-coathmimdtioas i diffdéree resutjparmixtures, teq. samples,
eabo t 7Q.C - 80 Cfor extension of the priners with

neefl i P3BEqidel ¢ DNA pol ynerase (el ongation). [0004]

Te ture control. during a P reacti.on.i s.typi él'l. '
o B AR B AR St abora o BRhoRIEs degiute) Bp Hugiftenance of
temipBiah@6 Minfiforthity agd peniedially ihipahthyt ishgr Bbl ductad deidt dnislification by
ut bul ky materials such as copper. .In addition to
meqnsnfe gt DRI¥MEENE rbRinafeactam MERhnb@iclyt gﬁpl’e?%tnmess is a thermal

oA MR 600 B e SO 0 ot
ic

DNgiaubie-grind)at ABowi9g Cieabbwic4r i &)icsoling-dampi tosthett 3 °C — 70 °C to

i nol Jj f.oa. i | . .
e T8 DR 8 SR LT IRy i nrsi
tempemsirp ad ebopio e °Can G0 HEaforcapasidnaot the pritherg hwitio diermgstable DNA

1rate iéﬂrat er, difficult to achieve and bul ky systens
polymgiass €9t 00l i ng by either a Thermoel ectric

5 SR8 RO 1L, S REFAL, iy et by o
feedback loop system, while temperature uniformity is achieved by highly thermally
conductive but bulky materials such as copper. In addition to temperature control and
maintenance of temperature uniformity within the sample, it is also important to provide a
sample heating (cooling) rate of at least 5K/s (-5K/s). A high heating rate is accomplished by
the implementation of a Proportional Integrated Derivative (PID) control system limited by
maximum dissipated power and heat capacitance. A high cooling rate is rather difficult to

achieve and bulky systems require force cooling by either a Thermoelectric Element (TEC,
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and power hungry. [0005] As the systens are bul ky,
their thermal time constants are in mnutes rather
wWo ban/osgeponds. That results inylong transiti onPCT/8€X07/000047
and unwant ed by-products of the PCR reaction. The high
power consunption furthernore elimnates the
oftqyd@élpcb Peltiex elsment 1ar by otbeyaneans,sush ap ratar. dweh dryiges srecomplicated
E %‘?g] In addition, the reaction tubes are |arge
e qui red am)unt of PCR cocktail renders the
entri p
detl‘é‘é‘ﬁl onT B BRS, alg TRAR 16y el I ciptapldre in minutes rather
thatp pecomgs. o’l}hahgemf@tmdpngdmmwpn rtiznes| andngnwmtadjdbmprodmts of the PCR

ile th r tl sed t.
reaciy i elpRbrl koo BT et I RosBuiy of meking o
batﬁe@g@e&ge(ﬂlhnd Ipertslﬂe@aR rgysterhhmyadi?t1cgg¥t?alréa@mﬂ ﬁfbes are large and the
1.nal vi dua e cont 0 | erent, sanp
requifch DG o€ e op S EFrdgisJae cRTITResss &ovapsﬁpﬂge TRirthermore, the

detéc‘ﬁﬁﬂ%f PUW Srodi&! s 4086 'dbh@Gﬁlhn%eN@'b%fl en§p'l§§'1ﬁg§mother device, resulting
heref ore 'have to be enployed in parall

lnaﬂﬁlélpéﬁl@pétsdea rable to provide an apparatus that is

abl e to simultaneously handl e sanpl es individually
dudPef9] PERile tlpotyriemy qurgnily psedttp sary fouti BGRisactions @H@w for running

mufk‘% Egen%a‘é@ées E@%&g\lﬁgxg athe)a ¢ rgnfl@rg 2?{3 Illﬁ%{(lﬁﬁé et%flnglé%ture control of

diffaredt waroplesr Mﬁyese iAde @iesiremlg Itcy exposer sanBB retvaoylsg (tafR@ature cycle

con?gﬁ){l? %Fve%%\]?s%\s/t%fn% ?_fgg)r%havae t%ﬁ)% ety g}(%tdgfdl é)t 2 fg‘iro Sin&efore desirable
to P0Gy SinSapprfingsTthaf (AT Ak . toTstq\nubaa&bﬁslfapﬁh@lac:dmﬁq;msaﬂldh&duauy during
identified, one being a stationary systemw th cycling
enperature the other being a flow systemw th three
t di.fferent te at ures. 008 Statlon r :
Sy 00 Npistarization, o Rberdstisee dn [ chnsmtigit | @ utical  and
blok%ﬂbﬂfﬁléﬂ fleienéLIERE rt@ttl'tbr gevRfophiegt gﬁﬁlé@hﬁfdh@HevJé%%d%lcroarrays
not require_a pu% ng s stem or ot her neans of

Acqorfaﬁglvemqﬁ‘g PCRem Ro arerbring fexelanee otbich sysexpgeted to become
t d ] .
a C%%[%H\I\é%# 4 i c%go ER %eéh Hﬁ&@ f&%{sﬁgﬁgﬁz tS ]I%E%%Eingstn Sférgﬁﬂ STWO basic

e sanbl e I's nove
appteacher canube idewfifikd, desi bgng asstaionatyasysténe witla cydimgy tgemperature, the
t the fl ow. h s ui res, an
Oth?lﬁzs %?%f}/%?{n&&%ﬁ’f%%ﬁaﬁsy THAREEIREIF e ween ¢ ne
gﬁlﬁ)rS?fStgtl g:;}és%erﬁds é‘;l%f t%%: em;ﬁe&grﬁreeogitﬂ cr:h%’goe? tu??rs(,ie?] té)tmodify the
tem@éx@ﬁﬁﬂbﬁ dle PORdobhpinme Théy tbaodesguire o purapiap d;ystem or other means of

S5 SRTRAR Bat ot of yRSr oL NG Ol 4B SLIBLE. o e constan

temB@Buﬁ@st ekl e &phich BheASkaipl € ﬁlod@d/hﬁ@tmdc st i@y temip eﬁuaure While
of Virtual Reaction Charrb SVRC) The VRC is na

belr@fa@ﬁ%@% thestatipmaps sygtewaflg,ﬂ gugtpsisied Tequisey an 1mp1ementat10n of
a m%?%ﬁsﬁp@e%%lsf&'bet\%en%e zotedRf Gi}‘fé?entzcglggeraére.qg Rither case a heater is

integrated into the PCR system, so it is not economical to dispose of the device to avoid

crosscontamination after performing only a single test.

[0009] A recent example of a stationary micro PCR method uses a planar chip device
and the formation of a Virtual Reaction Chamber (VRC). The VRC is made by encapsulation
of a water based sample in oil (Guttenberg, Z., et al., Lab Chip, 2005, 5, 308 — 317). As no

solid cover or microchannels are required, the device fabrication consists only of deposition
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solid cover or mcrochannels are required, the device
fabrication consists only of depositionand patterning
W koon/o947k4m heat ers and tenperature sensors on BCT/SG2007/000047
suitabl e substrate. The respective device is however
still too costly for a disposable system [0010] A
and E)Htrtérﬁi@l@ gial filen Geatosc tiid itagperptone wETEOEE WNi 2 atviighlej substrate. The

he risk of crossggntam nat.i on,.bet | es. The

respegHy @ devigtly hewe‘éﬁyétlﬁ it?fgc%ﬂbfﬁ"fé‘r ‘?}é%"-s\éﬁgg%%&ﬁgti on is the
use of a di gposabl.e system. At the v . t, e.. .
b0t Ay Frstbehaliongs Stroine vrphy BEatiaER is, B sk of cross

contaERtSh ﬁﬂ%érg sddEplEN. Slﬂﬁss@ﬂlsﬁw%ﬁ@f faasidingesayh didst-epmtamination is the
systens have been Proposed.

t typically d
use afut dispiseblp syt Abiheaty Ieeite e it Bhigh Fopga o contact
withgfugagrgn lka?lt séxglgﬁeeﬁigﬁéﬁ%gé? gop , fBreyt §ftéins have been proposed.

A i sheet has been :
Thesdisysteds egpicatlylds pattfelitl all, the ssqhB8emens disted gbovie pnds they are relatively

formed by hot enpossin nd_th ' 4i
expengiye. i ﬁé@{p@ . Witk cgspgggl%alg pait %&}dg;og agp%‘rﬁsg{caéthﬁ\e/tgila% Gedn ?&close in
US @R bi5081186. ATk&ioFhwalllk ichimedbphotastossing atdithe whole set is placed on
di sposabl e pl ate needs to be. cust

m zed.. Therefpre
top fihenters, Qs HEoB R DI GBI AR GGGyt brocess and the
i f &1 AltRrefereditRAORATIGA nesdofogla RCR that is
dlSpg%B$ @%{g%g?seﬁﬁ%&g%ﬂeonal gebi 1ty to be Ln?,e ra{)ed :onal
simpletomanufactpleccasy il ASSraips ah§coBOMR] ¢§ q:ry)ug]égq ¢ gisosable. The optiona
[ 0011]. Accordingdl v it j i ent
ablhi[%'ﬁ?cjetﬁ‘]tl @ﬁra?e 1begavé|/oaﬁ 1%1!%%:;[%{)% a%eglgﬁz}llg%m%hﬁsé@%%g for

Llegﬂ)l&y iégqgoxéig%gf gq})\/\ﬁ %H&%ffﬁfle ﬁ%eﬁ%@ Hveatiorrddirevide an ap;paratus and

avoi ds” t hese di scussed i .
a méths@hranirngas, thSUMRRM RO THehenNamd/onbiobeeicq] sprplgrighich avoids

aspect (Hi.e ({)retsent i nvention provides an apparatus for
thesp disGvsses HiG2T AR S hper at ure of a cheni cal and/ or

bi ol ogi cal sanple. The apparatus includes at |east one

tenperature contr%hgw& The. @gﬁf e control

modul e incl udes & . e%F::r d&@t of caloric, and

a tenperature sensor. The heater of the tenperature

conigi] 170! ol RIBRIEE hOedE! Bl iks BRMFYAaAA!Br rogulating the

ate, on which said em cal
tempé&Efugs olfizotiepiicall amslznpbieldgicap |samele; Thie sappaeateso Hgldeg at least one

of caloric, The t erature s r L f
e bl P s G Rt BB e onductor
calJrf‘cP@ﬁcT Ridhieratiret sz UDsd hate ofithe teepecaturd wotiwel mpdule is adapted to

caloric. The apparatus i.§ designed such that. the . .
thersally toogmmentigtes With 4Tepoy ¢ SR PR ﬁ’@é‘ihaﬁatff%heg%}ﬁ"%lragfl/ or biological

eLohdEOYE of Talodic! THP esApetitare setisoobf the temperature
Samﬁ%u}% @.agfaoglg%}ﬁel éldﬁa further 0agpect trﬁlbe i nvent i og o th
confiobvicdete & adspreddtoofieteeigrndaconitpltthe terapgraER of dhgpultrate via the

hem cal .andior B I i JRibER4sle i sthutasabove said
°°D§P%% 8?%%0%% "[216 5‘§?§JF ﬁlg I$ g!rm egul glt1 |tﬁrglg%[t1 he tglg%per at ure
tembraure bextiot alodaledd entitel ptwgi sad tepapepitere cphsolippdirlat us
I ncludes at |east one tenperature control nodule. The .
t erper3jt i @ Gotter odspewid thee inveotiom eprosidae 4 apsthed of regulating the

ten]i)g]giglg‘gt 0 a? S S or abqglo%icléle IREPR! Hhe HEMS8 inclhB& providing an

apparatus for regulating the temperature of a chemical and/or biological sample. The

apparatus includes at least one temperature control module. The temperature control module
includes a heater, a conductor of caloric, and a temperature sensor. The heater of the

temperature control module is adapted to thermally communicate with a removable substrate,
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tenperature control nodule is adapted to thermally
communi cate with a renovabl e substrate, on which said
we b@miogeh4 and/ or bi ol ogi cal sanple is placed, RCESGHO7/000047
conductor of caloric. The te%perature sensor of the
tenperature control nodule is adapted to detect and
on whiAitsald clidhficdl afper Bio&tr@cabfsampke is lplweal,axtle the epndpetor of caloric. The

conduct or of_ cal oric. e
cmpe s 357 i Sy LIS S €Il sonel

tempEARthE %Lf tﬁ@ﬁﬂbk@a‘cé QiR ich/duétor Ofehlosiel Thé appaedted lsrcbmgned such that
control nodule. The nethod further includ I‘OVI

the albs’eattpemasltnaéedv abaye sad tReaeiaRge t18trehard 6, gLy “oover said
tempF gu g g:g%@ %&BE e}“her Eletﬂggtfgﬁﬂerallnéﬂldé{‘ﬁfo"&ﬂﬁﬁg He@ipdrhtige value for

ure o uctor of caloric by means
heati@f thé &:hbﬁimé raatllor eblsleglsdr sarifle. be hoethed raiqqemcluﬁet’f {Rfasguring the

appl heat .t conduct or._ o I a
oo GR IR o 1Y e, i BppErey OR8roFhe method
furthef %&ﬁéésu fafp Ffﬁigu Beatt foekgiy cch&i&bloﬂ gofs aaldns udss loregt @s athg measured

sai d chenica

and/ or_ bi ol ogi cal
tempBRGCR P PEION e W@@Fé&mpﬁ«%ﬂf ool Ry eonui seigh tpsfzpte and said
cha@gdgﬁhiﬁgnﬂ 1.09€ wWith reference to the detailed
descrlp I on en c nsidered in conjunction with the
non-limti ng exanpl es and t he acconpanyi ng draw ngs,

in which: B hFﬁil@S’éRIﬂTﬂﬁg'GFT}mﬁmqum of an

enbodi ment of an appar at us the invention. The
t e[00R4ITHE einventiono wilob | testenrmdestaddr awdtht gefarepes ripethe detailed

Crcuit Board Si tuated there, above
descpiiah WheREosIgeq i CPALECL b rp i SRHARRs and the
accd {idldaviingd, 9f Whevh: | 1 qui d dropl ets. [0016] Figure 2
a further phot ogr aph of the apparatus of the

<I«ri Be ﬂ&w{)ﬁlsﬁd plivtdgdrgph bf alihembedmrentabﬂrae apparatus of the
S

cont dul 8 [ d d
inveBBe. Bﬁ(qa%%,p‘éraiméa%v%é&e ISt idedip paTpf Sl Bpard B

Sltu%g& 110 @b Li§ a sﬁ\:e[r@ PREC i deers IS LT ARE. Sanffles @t piackd gn the substrate
entire cov he tenperature control nodul es.

inf«{rﬁﬂﬁ?l}quﬁ'dgljnwpbthA depicts a schematic cross-section of
an enbodi nent of a tenperature control nodu

f .
AP USgere 2 Frea Asthenphaingrapls pE SRRSOk B veBfign as depicted
in FS% B s pattemé %%ture ﬁ{rglt ﬂﬂdlﬁessﬁg‘%@sdl@red f & PHAle8 Circhit®Board (PCB).

ate con s aco ctor of caloric (3
A révhdweibld subisthate wam be placahblatotthwaplbarauwmmﬁpp@tyle@pbstrate (cf. also Fig.

heaters (4 nd a.sensor 0018] Figure 3B depicts
1) eﬁ“@ %‘ﬁﬁ% % g t'érgccf)]il%?%(%%duz}\éfurther enbodi ment of a
t r e c nodul | iLgu diment of
qulgi (gqpt%ses as%hclal;rg%gcr (%%% s%cﬂg% ﬁ)fohﬂe@rnﬁbo iment of a
temB&@ﬁ@e (cIShtrolAnﬁ)dblet éfaje apfdraime nifatiesingersone envered with a removable

duct f I
subsgatn (B GUsEe A SorRia el is tppaeih e syl 1) GoBRG 3f bonductor of
calc(er?éi‘)?j[v@ﬁé?is i iH 18 cht£00 i aSsIbRIBt o irhteys @) atid@sensor (5).

iment of a tenperature control
[0018] Figure 3B depicts a schematic cross- -section of a further embodiment of a

temperature control module. The sample is a liquid droplet, which includes an inner (6) and an
outer phase (7). A substrate (1) contacts a concentric conductor of caloric (3), which is in turn

in contact with a concentric heater (4) and a concentric sensor (5).

[0019]  Figure 4 shows schematically another embodiment of a temperature control

module of the apparatus of the invention, seen from below. A heater (4) and a sensor (5) are
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nodul e of the apparatus of the invention, seen from
bel ow. A heater (4) and a sensor (5) areeach
we@onweommi c, with the heater (4) surroundi ng tPET/SENOTN00047
(5). The conductor of calorit (3) includes two
concentric parts, connected by a linker (10), as well
each @6noenfiied withahe tegqtar (4) hrrauidimgthe fedjor (FPOLB] coﬁdg@o@oiscalonc 3)

depi cts arran ement s of cont r al
includgsche AP DATBRRRateEn BY BHIFD NoRL L 4rbtod-Hiped part of 2
lengt ggpsn ng each other in the plane that is essentially
allel to the plane of the substrate, which is the
P'[@mﬁlgﬁﬁes 8%&%& rafafg&henthoLionipRfatse m@hﬁoll Bodules ehere pairs of
ig. 5A, Fig. 50 or soma paJ r ia,n i el t
tempm@.hcp@pmtml @QQ@}qs,am opﬁgg@gégc e p ﬁthagg esg?xﬁla y parallel to

the ample is placed.
o P PR L O 5 R B s

All (B 5AQ FigriT) cﬁsscmmeapmspmfshhﬂ dereparhtutst eantrol magles {gige 5B, Fig. 5D,
fers f 180 2

Fig. %Eimaysopgpseae g a5 rg&%\'ﬁ it %?égeg uﬁl ?ﬁ‘ R:'(t:sg%rg S%Bg Ciment where

palrsbdf ﬁttﬁ@fcbmaﬂems&ﬂm B@ dppoFies aahclt etheniid anringle thiodiffers from

four tenperature control nodules with achieved
180°t enperatures of 55 C (right), 72 C (top), 72 0C (left)

and 94 0OC (botto 0022 J h
L] oFiziteo DI BRTesOls 6 Hpfa Tt vebin (AT s5itucted by
ANS‘Y*g%dﬁ]vﬁg @Ié(r)r\g n;geﬂ%fﬁ pRAinEB Qﬂﬁfohﬁtf laBovd ﬂgur lt&ﬁb&dtuw céﬁtttﬂ modules
i

dered t Fi
w1th@elpamd§emperattlé¢mefr5§t°l¢r (élgbtc)oﬂ T%(tapb A é G ]fi) @H %C (boftom).
in Fig. 6B. The tenperature variati on above the

t P2 aFiguee dhishows mydinfesed dmags 9 nthe l@@lmf@ogﬁ]an apparatus
accor%%{oetpg PFe%Qﬂt(iB er®idn Sh&GFH | 011 ]@1%06 Cﬁﬁ%%iﬂgcfoﬁif héatifik REnfents soldered

erature contr an appar atus of
toaP@B. i nventi on. The heater (4) and the sensor (5) are

part of the tenperature control nodule, while th
otﬂ0923]dElgu¢e§Cad®1qj$ thedamperatureprtilealons the fing aada in Fig. 6B. The

temﬁea%g : %}o ony g oxég'g %’PF‘Jaglgg gon%ro‘ij %@&ﬁfa% 19W1th1ﬁ1 +0.5 °C.
@g#‘ﬂt E'S an fcpsoﬁ gécn#l&(f s&{enfa‘ﬁ%f b M5 ‘réfg dH3fnel tdmperature control

Secon nper at ure decrease
modﬁreocm ﬁf‘raﬁaatﬂuéiéf €he invihtéonh ﬁ‘:hblhegter <4 pughiitfei seapar| (p) are part of the
faster, as it

t 0 Pl D SY. t ]
tempepgipeeoatakmp ey TR 1R e dRtiefe MemRR o ectdfliriptea Circuit
Boafdl apparatus of the invention versus tinme during an

exenpl ary PCR cycle. By subtracting the fluorescence

ts'hﬂlrﬁﬁb] ﬁ%lﬁ'etfﬁ apsitE tateinpefat®d/tihd prdide during ®WR Dsiognthe apparatus
e si

at a tenperature of 7 fir t arr
and eociot epTaPIFE MEARIe T RiTEr oAy 2 RETHRCT fOF fhimpggiote decrease
fronk 9{) 2 1o 54 G ehilhAaRE & Sardifi@ntly Y& S 8610 GecodtrgNéd by a PID system.
ected from an apparatus of the i nvention versus

[(ﬁ) g?‘l%ﬂ‘e@ dRfRsCine! MforesSafde dibme dbadobedpfibmit an \appaatus of the
al ne

1nvent1on versus tlme during an exemplary PCR cycle. By subtracting the fluorescence signal

at a temperature of 94 °C (second arrow) from the signal at a temperature of 72 °C (first

arrow) real time data points can be plotted as shown in Fig. 10.

[0027] Figure 10 depicts the fluorescence signal detected from an apparatus of the
invention versus time during 50 PCR cycles. Real time data points were obtained by

subtracting the fluorescence signal at a temperature of 94 °C (second arrow in Fig. 9) from the



10

15

20

25

30

subtracting the fluorescence signal at a tenperature
of 94 C (second arrowin Fig. 9) fromtheO signhal at a
wao eovpesasure of 72 C (first ar({ ow in Fig. 9). ACESGH0I/@00047
threshol d value in the present exanple was about 25.
[0028] Figure 11 shows a conparison of a mcro PCR
signsl atpetempenatyre bE722Hp Mirat arsovaidFige®h e eycle Hseshaldevaluenin the present

aé}k? bol It;\#e) and results obtained with a comrerci al
exalgple i Research, Inc. (, thin line). [0029]

depj ct,s_a I ot of r i )
1 PR i‘ﬁﬁ L Uat e Gthpisop 42 adeBPPER ope ysine thg apparatus and
metﬁ&DoEﬂh@ilﬁﬁanubil (.?HOMA line) andtegoitd obthinod wiithre ¢drmegcial system by MJ

003Q] Figure depi cts the fluorescence signal from
Resﬁarﬁlbll{l? i\ ﬁl’z’i‘ 3)anal ysi s and its approxi mation by the

SI o] %Mp \ %lplﬂt 8@@@ ng%}pg,lézeh E]glpléfsfqnﬁg)slggﬁlcﬁl) vs. the cycle

nunﬁieﬁ ﬁﬁn@ dou r&s% e Fitfed QIR a sagmsm fuhktigh (linge) are
i ndi stingui shabl e, denonstrating the purity of the

oby# FCF]E&R 1 Qs theﬁlﬁ)réb@&ﬁfels@ahlﬂbm% @Elting Surve analysis and its

derivation is shown in the-upper-- [0031] Figure
approFigalsindyystha pigetoid fusstipn of i e 2 A, + A

el ectrophoresis. The results cenf.i tfe_d_t e purity of

t he PCR product. DETAI LED DESCRI PTI'ONAOF/THE | NVENTI ON

(cf. &1%3@;2&11 PlEEO VRS BMdashrell dafal (Wwed coMiedfsld anapddacsﬂgrﬁ@lﬁ function (lower
ati ng the tenperature of a, biologi.cal zﬁn
Cur‘teh%ﬁ? &iBp) Faipdignepraahie: drarprsyating PgprEty of swtamed PCR product.

Thestﬁ \%v s (H?trst&eﬁ%tﬁfn ig sﬁ(ﬁﬁp &thé Bpper @i, form such as
rop et bel ow) . [0033? The sanpl e may be

Of [WM 011‘1?91@14 'dEpﬂﬁyaﬂ QutibR PEANE &f apillaROblebtrdPhbfRis. The results
to, be derived from human or "non- humah ani mal s,

conﬁnam%tﬁpbatytcefﬂhg?cﬁum@@@s, spores, fungi, or protozoa,

or fromorganic or inorganic nat erial of synt hetic or

bi ol ogi cal origin. Accordingly, any of the follow ng

sanpl es selBETAILEDDMESCRIPTVON ORTEE INVENHREONr oup

consisting of a soil sanple, an air sanple, an

eny0032) et presena ifpleation puahdiescmhteﬂrod foampgdudating tho rtenperature of a
blolgag{ﬁélgw Egl'egnc Lal Eﬁﬁh{ﬁa lggﬁﬁﬁlééb é‘kgru%mggr%p‘le in partlcular a
san%mllﬁlm@ﬁnarsﬁ&}m £4i &dpleb@iMeow)a food sanple, a

| ood sanple, a serum sanple, a plasnma sanple, an

ur i[pe33$ ar @mple 5la9Me SRAM Erigia. Ban®N @ dngthtse, dut not limited to, be

| ynphatic fluid sanple, a cer ebr ospl nal fluid San?ﬁ%
derizyech 505 Ny 8 | ORI ABIMERLS, PLalst BRGISHApYIEIseS, PRl fungi, or
prot%‘é@zp o?%’?jﬁi Spgaﬁcfop 'irﬁﬁ‘éaﬁé’\ﬁﬁte?ﬁm SmtiRti0 38 ﬁlolégﬁ@e@ origin. Accordingly,

nﬁ bronchoal veol ar | avage "sanpl e, a bronchi al
anysed efqlbwmaﬁﬁpmées selerteck framppitienot diizadrioothecgrown pepsisting of a soil

samggeﬁpn‘%{x gu,r sgmpfleggtﬁ émélg) eﬁtal MC@P,ICae&HS&F‘EH}e 1% lé%ﬂ I lju‘ré)w sample,
a reﬁﬁtﬁaﬁl samphe (aefalllbylssdl@le,am‘;sbwageasamplqsa grdmdrwatslaaq;hldp, an abrasion
samp?e an ar rH:a)leg‘log1%‘a1hs€?1ﬁl1.rpl Sani%o& samplsé a%loo%n?ample 3 sfe%rr? rs]g’mﬁle a plasma
sample, an urine sample, a stool sample, a semen sample, a lymphatic fluid sample, a
cerebrospinal fluid sample, a nasopharyngeal wash sample, a sputum sample, a mouth swab
sample, a throat swab sample, a nasal swab sample, a bronchoalveolar lavage sample, a

bronchial secretion sample, a milk sample, an amniotic fluid sample, a biopsy sample, a

cancer sample, a tumour sample, a tissue sample, a cell sample, a cell culture sample, a cell



10

15

20

25

30

sanpl e, an infection sanple, a nosocom al infection
sanpl e, a production sanple, a drug preparation
W@ 200ploe744 bi ol ogi cal nol ecul 2 producti on sanpPE&r/S@2007/000047
protein preparation sanpl e, i pid preparation
sanpl e, a carbohydrate preparation sanple, a space
lysats aaiipke, aaanruemultaiesam@m pinail ngpiﬂ @ hair Wl% @rﬂé%&%mniﬁa a forensic

t.her eof . ma rocessed 1
sampfoy B e e “ It & ey e RGUAT srEBle, oBRuCIRE Kffple, o drg
prep%ﬁbﬁ‘@amﬁl& 2Biolddicts nicdéduvepodactunesantpld, |asprue1rspmpdlretlon sample, a
may have been d| gest e%PhYCi)rrm geni sed, or cen rlfu

lipidy rrirgpargtipnp esap! s oo A&~ ERRaERLIoBf SP’F?B prds gﬁ’c"e sample, an
extrét%%%dl%ﬁmgi@@r mrﬁmﬂﬁ%rf %Fé%?ﬁﬁﬂ%}rl?e Proéessb@ e the method. Where
are form’of a fluid, such asasolutlon
deSIEﬁambmcmmSme niayt hayeebasp tprenrasesead tooanyadegspsthpan illustrative
exarﬁl{{}gf 3 fi %slﬁgg%ggfe n@@nﬂeﬁ) 3)%%11 (AFgSst]%d pk?dr%{é%ﬁ s@&;hf g%]trﬁglggd plalor to being
useda“@ﬁhoﬂﬁl device Y nhdr@tdsentpinvymion, %heb samlbie mhafurthermore have been

prepCo t LS H)eﬁ{}lé n| ¢ Cq{.\fn %aé}ff%ﬁg%) o3 fuge nbutadge not limited to, a

solufiéh BPQXE‘JW&‘ a ﬁzhcﬁééﬂbé (ﬂyﬁ!ucﬁéwﬂh Sd fnyclﬁb acidca peptldé[ agolypeptide,
candi dat e "nol ecul e nmol ecul e, (ﬁz drug.etabolite

an apinaacidipresih .arsmth@mquly?@% afbioghgin POf%l%Emﬂne%n organic chemical

comheﬂl?ﬁ‘r~l an QbrodhR, BRmihMob& o§18®n aSHRRENS! APidOfa &arbohydrate, a
, a suspension of neta [dy, and a so uti on of

comhinatetrpl ceonistor mm!,uct‘. oarbdmagt cmdldahfe maeeculesandiug glepule, a drug

met%gf ggrz arl]lé/ocfpgxgxﬂrbag s t\;lgregg rﬁ@&ﬁge%nﬁlgso{ngﬁﬁé Sk afk not limited to, a

suspéﬁﬂbm mﬂ?td el Heuspehsiod of Irﬁetajlnaimystandch Bd‘latuoraoﬁ anmpetal ion or any

furtherrmre i(ncl ude an nbination of

comgmgplgﬁg}qqo&@dvg Lrhuseensy ce& f &fUs, t?utplcF]%cP‘gamsm a pathogen, a

radifREi9E LBfpbind bh %f %ﬁﬁ%ﬁlb‘iﬂaltlbné frabdelt i9rundedstooethat a sample may
expected to include, tget matter, or_a precursor

furthemmoeoinclutte any eﬁr@l@natmtq © Hajerentionge She a cel |
or a nol ecul e added to or i ncl Udeiq }(lt he

a
i t 08¢ (Sftene PUF @at Necassgsby ethe Hemp, iRgipde pg)rt #ilh gﬁt expected to
1nc1ﬁe @a[}gétgﬁitte‘? %@Q@)‘g&m JoP k@ rthe MR %{att@P bPQo@mstance be a cell or a

nown t eori zed to be obtaina froma
molpcmaa@ addsdrto ooimsbudnd itbthesemple, ad Jé maAyeei degiredotoorpsse tha sarget matter

to hF%exg tl@lgrn € Iarrll%lg Q’ﬁé 939 ét%at%e? aPE(?m (}lﬂldtl&'o%nccﬂstﬁe%nzed to be

f AStance |n e a solution of suc
obtadigdidl iHat aqﬁmsmobon{@ﬁﬁ&]byﬂmeansao@ etchemidnb pramess that occurs upon

ey ot S B ol RS TP Aion of such
pre@kdogepmpb@et i de, a polynucleotide, a nucleic acid, a

pepti de, a polypeptide, an amno acid, a protein, a

SYN6033| | The edriérirhatte op ipPESUEIDr Ctl@ére@ﬁ)m’iaybshdsl nof &y nature. Examples

organi ¢ chem cal  conposj ti.gn, 31.1' nor %’; chqti f 1
1nclg@q;ﬁ)@1§ iarg pof, lingited i @, n%le@giﬂ%m gtl ARNEIS %Qtlde a nucleic
acid; t&eﬁ%ﬁﬁé,ya g&gﬁ {de, %h SHPD &304 Eﬁft&n n@‘sﬁﬁh@tﬁ» p(ﬂyl‘ﬁélug biochemical

fol ‘ecul €, _ metabolite, a cell, a Virus,
compiosition; gaerigenic shemisyl eunpsisHian, 6 d0Gr BV ehemicy compos1t10n a lipid, a

carbﬁggg g&e a céx%bm% p@é@sﬁ?é&?&cﬁﬁ[’@caﬁﬁldﬁ m&EATP daedrﬁg molecule, a

pt I a nuclerc aci
drug metabohte a cell a virus, a microorganism or any combinations thereof. In embodiments

where the target matter is for example a protein, a polypeptide, a peptide, a nucleic acid, a
polynucleotide or an oligonucleotide, it may contain an affinity tag. Examples of affinity tags

include, but are not limited to biotin, dinitrophenol or digoxigenin. Where the target matter is
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pol ynucl eoti de or an oligonucleotide, it nmay contain

an affinity tag. Exanples of affinity tags incl ude,
wheio7aves49ot limted to bioti 3, di ni t rophenol BECT/SG2007/000047

di goxi genin. \Were the target matter isa protein, a

pol ypeptide, or a peptide, further exanples of an
a pr@tém aipblypeptile, nc hqu@ptldeb durtleer exaroples pfian effinity, tag include, but are not

llml‘ﬁgﬁg 1go]t3|1§fj {llglg,eg(ﬁ}%‘ﬁ%t (hxget ﬁg@gmngglobw H&%Lu%bhlla }t8se-binding protein,
glutdhishebhiaRfrSet (GBTYf ellmseul{in&Ehjlingggdptide (CBR), G hpeptide, the T7

e e e SR Ty B et B, PSS PP potein OMBP), the
P1n- :

HSWP! eﬁﬂ@"% ogt% eéeﬂu 1é8 %}nomeﬁi.ﬂsl\‘/%‘?%?% _p%ﬁGgf Aétslbl?%@@wg@p eof herpes

s1m1ﬂemires<glvwmstegi Pc@mmgglummrt GEAh émﬁ@vgmftth%mum&) Tyr-Pro-Tyr-

Asp- aétPo\r/g-?\sp rToyr @68%31 e‘m X’F Eﬁ%} Tgf fh,e transcré%tlon FactorgI c-myc of the

seq deflwl@(h!i mﬁ{@'@-Ife&dIa;SerEGlm(&lua‘&sg—heu S‘é’dpﬁenﬁ“e target matter is a nucleic

amdt & @)&y@ﬂg}{efﬁé# e|uo§| lg.pe n‘ﬁ Bﬁl(‘éGOéged an_ Br gp‘;ynua\(g Z%a?yl @é&ermore be an

ollg&ﬂlcfélo'tlgé’ B4C ISaek Al %llg@fﬁlcﬁafoﬁﬂ@ tdgymhﬁl GorMBdtahide behevedns dybiedize to an
an ol i gonucl eot i de Such an ol i gonucl eoti de, ta%
immekilized oligeryckaatide W@thJ% SAMPEIEPIRY §PRHENeD Ay gespective aifinity tag may

be bOHRPthes & dcﬁéﬂ“rbc%lxg)pg%rf 6f Wi firget GOATR} SAT B Aktrative example, it

sequence. respecti inity tag may be located
maw\m liperably fitsedthelie taminmyerprnus of tq iee canbgey teratipes of any of the
ilLlustrative exanple, it may be operably fused

aforpaen?trp@e%m&ggpl@g PRI or to the carboxy term nus of
lOOgsb;@gt %ép%}ré% 3 %tf #8 e1ﬂv n%fu?ﬁe? r@U18A Sonel ature control

he T nven on I ncludes at | east
modu@dl’pl@lr 8braé aanﬁ:lﬁi’alﬁmaits rthei wpparatus  swldes rab ddastremtos temn@rature control
par at us, i nclu

ol ey et ot B8 BBt R A abiia HBgUPah eRberature control
modu‘ﬂ%l WiRse thePdpparinis McRiled MOREMAR Whe taapdratate mlﬂltd)ll @sodule, they are
Wiere the apparatus includes npre than one t
typiedht thenmatkydeelated fivey cashotheypiuchiisajationaPaebe §° S f@é’é&l’afatmg the
temétgrgtllﬂ‘ée @gﬁrcﬁtrﬁgﬁulessﬂ hite9d1ahhoR mop%oﬁﬁf&tﬁvcﬁdca@&lc such as e.g.

atrng t rature control nodul es by materi al
plaStlbaWOths mswﬂzowam@ntwr orgferagailc ol someserabpdigierts ghermal isolation by

t
e e
apphersdviaitagesited, tiel apparans @dylitdlodeafurthet ercand ofrw)mmaeature control,

i ntroduced i rat \Were.d SI red
such g arcapine Hﬁ’@ufnéi%gli’é’% dferpriely O ¢ lgﬁﬁfgplg% QSngrol module may
inclG@8h 'cBbler, S ASfoR kBRIt B&M' 1 abAdeb theanally yorhunicate with the
alternati'vely the tenperature control  mdyl

confwason 6€ calogiso|lermanhicahofignenty Whets diniso das t‘@d%?r&ﬂeoél sample at
temggjaﬁlré galtﬁPse fER ey aﬁo‘ﬁfrgy&l g6the rbntehdpratl détﬁ)hﬁ B sample from a

n many ments where | |sck$re to
higlanad Iaéowelsmnmeeatm‘: vebwepegafromedd/ i tes5 fhacanecnverienfly be achieved

room t enperat ure 0
Wlﬂgoqtliagﬁca? 1, Jhg gbparatis ? i i élﬁlrtlégvéa %Slﬁ}h se qﬁg@h@d EJ Q%&w for heat
emisQo® Frofa the @bndueroreif Ic&lﬂhb yind)mea@huMdt pmtfidewfas’acoohng rates (cf. e.g.

_cqoler. The apparatus of the invention can easily be
Figg®si gned to allow for heat em ssion from t he conduct or

?;t[égai’li])ri‘ﬁe Ee?r&etrar%&rescongolemogalte Por \é %gt grzfles(t)f &%ot!eﬁlggrature control

modules of a plurality and in some embodiments each of these temperature control modules —

is based on a direct heating system in that it includes a heater and a temperature sensor. It
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Fig. 8). [0037] The tenperature control nodule - or at
| east one of the tenperature control nodules of a
w@bkawrad4i7sy and in sone errbodlgents each of theB@&r/SG2007/000047
tenperature control nodules 2 is based on a direct
heating systemin that it includes a heater and a
furthérerme iadudes asoenélmtor oft dalorich @heheater Adapfed t@tl@@mlldnc p@ypmunicate

cal gric. hea s_adapt e
with ARt O e E o RABE CBRE 5f el BRPERgr of caloric. As an
illustPetve ek %aﬁletﬂé@teﬁ algwehratt e cordustar of cﬂsnanUnder the control of the
illustrative exanpl e, the_heater nt act

temperstute senspr tre heates ig glerq‘gﬂcp@}e toeat qogﬁu%?r ?ﬁ,]céalonc up to a desired
temp%ﬁa%g ra%gh'ﬁ e EQ§9 {uﬂﬁzt&}e@ft EdloriS at Bedeshvd @&hﬁer&tﬁrd‘leﬂhe. As also

conductor- o oric up to a desired, tenperature
explanet! beloke epretihesionon thet smpstatera| wuec toatvhichgth heager is to heat the

con dPgthB { ?ai ur € Pé’q%:l_}éﬁ%aedﬁ%gact?\p lf f&p A L?g%tg% Hl&#}@ %ml?eﬁ eeoaf ﬂé? same and
mayibe ﬂéﬁdé&ads ”tdaehﬁgm dEy;ﬁ@llyome cia:lnpenatn;re sensat liy atrengisl to be able to

ef fective d
comypisats vyt bﬂ% glgfécpercqﬁ@? (&’rg%ea{nfqgen?l %@‘t o 31“1? ct. t’ﬂle conductor of
caloﬁ@ﬂﬁgrb%tolf Ry $EAGR that iR hB18AGeshdust et afleecdn@uctor of caloric may for
nicate"w th the conductor of calori for exa

exanyile inélndc e rodal 2 semirpeductid dcdiamond. & &F Pc“"ﬁ*ﬁﬁ}lbﬁgg) rof fullerene
comg%%gn?b%xg{npgelfs ?ﬁﬂe{b?e a8 190198@ dHL?tt ar@eﬁ'&t lild¥d to, silver, copper,

oric may For exanpl e i nci ude a metal,
alurrﬁmﬂﬁmzﬁmﬁ ok, mtammnd i b, alck@lr fridiumazist oasknigpn. éFWO illustrative

e ShEREGEAL R 5 Bl RS TRBLan siconaeev

typicHll SRAPIBETOT Z borduc@®lod calotit aﬁtluzm:onduomvlty el 0 Wnokigl' and 157 Wm’
L i ridiumand cadmum Two illustrative exanples of
K" gigreaBydy-seni conduct ors are silicon and ger mani um

Si | d |
olRIGBE Ghe Beate i PG BHT HelHANLRY O IS AL G A shape and
arr. eﬂriﬁ a%?%m\éﬂﬂa@l&l lvith REPRE td t‘ﬁihYGthérO@rﬁ&}ma' hﬁlbb&l&i@ts, the heater and

e sensor and the conductor of caloric
the @imdp@omrd PR EEIEELF SRR FUTGHae H (2R FOBFIGIPY BT {9{ "W below). In
somg Ehe%%s e bodinfnfOHE HRARP %&'ﬁ{g senbdteurd %ﬁﬁﬁgedaiﬂﬁlfeﬁﬁvwlmty to each

or ‘are arranged on the sane surface of
othegonduct or of caloric (cf. also below). In soms of
t hese enbodi nents the heater and the sensor are
ar [0039k dhienapfiaratus ofi dien umvgcnﬂ@n dacfirtheraere polgaty appmmodate a

us .of .the inve
rem &I ShRetE QPR AL St phaBY R Rk of the invention,
the SppahtuatBay Sl fgeihsanteo bb hmsedpepsaamtmmlbafort Aes explained below, the

app!ﬁ'gt\(lgnﬁ‘ltql}'M@F ar at aﬁ%ﬁﬁ’ :iistg,wohlffh € %Bé‘?‘é‘? oftfﬁeeﬁilventlon is

adaﬁ’tli&; & beabis efla@Rnnd RS tnﬂiy beBIEar@Hi@ﬁtécﬂh&tenﬂh Tybicatyg the matenal is
apparatus of the |nvent|on is adapted taq

bleawoomisdabet torey lepst of Coaty ERIEH Eoremales ipglpae) %’E.ae%rlm/hmﬁed to
s111coge ﬁE& gﬁd asﬁ@ %X%%p?lﬂ'gféﬁﬁgﬂé%e B@sfi’itedttg Rlect @as bubdtrate to be of a

a|n ex I ncl ude, but are not limted
matbﬂalsﬂhhﬂ dams nogllmdsrgarml phdesired reactlomth‘ thet ypamie rlé mpry likewise be

desn‘eedS to seijec{ e s{‘:fbs%r fe toha O%Uabrﬁgéﬂﬁle[hgtodog§ n&f inferfere with, retard or prevent

a reaction that is desired to occur in or with the sample. As an illustrative example, silicon (but

not silicon oxide or silicon oxynitride) is known to inhibit a PCR reaction. The substrate may
have any shape and geometry as long as it can be accommodated by the apparatus of the

invention. It may for example be concave or convex rounded. In one embodiment the at least
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mat eri al that does not undergo an undesired reaction
wth the sanple. It may |i kew se be desired to sel ect
wo bh@7euisirate to be of a matgrial that does nPCT/SG2007/000047
interfere with, retard or prevent a reaction that i's
desired to occur in or wwth the sanple.
one surfacs is esséntially ﬂameere desiteddhe Qlﬂlstrahq@uayslmlpé%ﬁ cavfse Such a cavity

may?fr%lél[s%aaﬁe gerﬂoi)fyi@bégy et) s ktnﬁ as'epﬁnhﬁllng ﬂl f ( embodiments the

subs@ERIBLY dsEle AdebfnPatet] it aﬁa\b@ @f&h@m@ﬂs&d by t he
apparatus of the invention. It nmay for exanple be

COfIOAVE IiGhat Beli&ired coiselient thd material audtvodhaperf thdrenbatrate in order to
| eastone surface is essenti desired

conihion SUBEEY STBCHROTT HE MBS Wby MGRAI, oy (e In some

embB&ﬁTéP ﬁ{h‘lifef p%s%%é‘b@ Qdsig 1BRNRt 8fmAbred ithed addists %@ﬁadmg of the
rillTing n sonme enbodi nents the substrate rray

Samlbie tapoondeodationl ontact geth thy serfagerpadfpy deglings In P@’G&G‘]ﬂbOdlmentS it
mayéafe c{?%&%%g??&l ed 1 R)\ng)eﬁgﬁﬂl{yq%r ﬁﬁts% in¥RE: 86 pRiVeRCevaporation

e Ssu e In or r to-convey esired process
othmdt Dhepgubyigate maydesome elmbe@mtentsmro‘fld@ aswtaath¢ equpasition of which

odi ments it i nst.ance t
eSS TR SR Sl 0 SR AEP RSP RaE T i Byt e
surfdc® dTHeVdubStratBxiafe nichfieL Whére lﬁortlhﬂal&jertﬁmlﬂmds bafstmcluded in, a
heating. In other enmbodinents it may be des |reﬁb leophobi
hydigpbie i & a HBRAICRAR (ot JHbFiEALe (FAY b BFHioPhADiS afepleophobic

whefeoit B de¥ n}g&i to%ﬁﬂﬁfz@ts% leﬁg ahd G%ﬁ%rathBeAﬁ'U@‘éEﬁ@ 18/diEphobit substrate

odi nents pr a surface the conposjtion of
maymsomemuodnserfts mqlwmo@rthatgrmrﬁmglﬁmw gicqngeplastic, surface-

oL SHE RIS S e
t hﬁ)(ﬁﬁ;&u Surfite rx?JdlﬁéaaloH Q% g%?&gé/rbbtﬁn I{@ 'Qggéthieﬁt cAHER out to alter

as” an eous, trate
chal’ﬁMdﬂﬁtﬂhodﬁ & solid csluﬁath dhich, a weameenit tmays ndmder wafiqus means, such as

mechylF A AT AL SOTTPALE FHETIEH SBHE o3 WARPLL g surface of plasti

mat&ﬁilﬁ cire 8e frémivrdd By d@osHilc angtsivengwith dilutd hpdrechlonc acid or dilute

nitig i 44 09t S 19 A AP ST SRPDE wefice can be rendered
hydfo@ﬁflﬁ: [ 9dbtibn éllﬁl%fy?&? of Bifl bfablﬁ@tT&rhukﬁcé ¥ B@lrbphobic polymer,

aln yatreatrren carried out to alter
suclc rear aomﬂgﬂmctba@fﬂa@, selyigtrafivarathalens @ﬁlygthyké!ﬁt tegpphthalate, and

poly%ﬁ%on&% l%g? ?rbeq I?degaf‘ dr(r)ﬁ?lﬂ bzznégﬁg B%Un?@{adlatmn in the presence

rrcal or cC an exa
of age&NiVE gas ao ﬂeq@hhed by:Klmtee al @P83 E&h Coeforancd endtbat Exchanger Fouling

and ﬁg%ﬁ@ I]]a,}q% Cgeg}g?c&Wo [Zg)'rqgﬂq\g(}lhégg ?{H 95{9 Silicon may be

rendé?éd’l@jd?@;?}ﬁﬁé BY H%ﬂi@ﬁln (BOVB)OgNH,atk FOﬂherbfbrdS einclarréde properties of
hilic by anOX|dat|onvv|tF genorarﬁéan}"{la

any THroppbis SErfate EnHFieBiTiEbMEITgBM coatinh Wil a hydiophilic polymer

or bgptllryet f&y\k/ﬂﬁtsﬁﬁ%é{‘lt@@(mﬂ@ésyéf% CRdthid8lr REAYé B8R/ment include, but are

yl ene terephthal ate, and pol ycarbonate, my
not al slgmited r erider egkphsute ophiol | Chm@ﬂglsg¢zm@n| Ctnmethylchlorosﬂane

R R SRORS Bl S S NBAE pproptimetiory

silafmy Cﬂqaﬁgﬁprdﬁghhethgxwﬂm@%@m ng)xymymﬂjnnnyibqhﬂtrmhoxysﬂane 3-(2,3-

cPoRl” r GRARTOIPHYAIBRRIOR S Byoa pRTRG IR SRebo) BRRD:  1O4

epokpycBER N EhylirheetidxybidaR, pol9anéthylanetbhcrylate) or a polymethacrylate co-
polymer, urethane, polyurethane, fluoropolyacrylate, poly(methoxy polyethylene glycol
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any hydrophobi c surface can be rendered hydrophilic by
coating with a hydrophilic polyner or by treatnent
wowrah/osimef act ant s. Exanpl es ﬂf a cheni cal surfBCESG2007/000047
treatment include, but are ét limted to exposure to
hexamnet hyl di si | azane, tri nethyl chl orosil ane,

meth&dr ieJ)I,quioW(_liﬁllmﬁy"ll a:aegy_lqmid@)yl tpd;llgz[N-QI-&xgq‘ri]ﬂoampp?/l)methacrylamide]
t et r aet hoxysi | ang, i . tr Sh: -

(PHP3MA WionBass ‘QAY&&Pﬁ?ﬁ%@éﬁ%wd%égrﬁggg&@&yl dlighPFA Am-oligo-

STHIGUC | BREsYetby | & &1 WRtdaxYTi kiaak, Blorh@edals,e(@009), 24, 4517-4527),

| h il , | ydi hyl si_| ox,
poly(gagg%-ﬁq&tggér t é%%;%&h@;&?% Oyﬁﬁq'aﬁ;tg@ ox < Pale2,3-epoxy
ol.y( met th te ¥ 5 ate, 340
propB3)Y rar PRI hand OBy ut et HagR T Do agacteeale,
epoxPeIdtiErRyIntexlyy pByabkydyetvhexyly col met hacwashoaylaje, di~(3,4-

pol y(di net hyl. acryl am d o na
CPOXPJ@YC;{?INKY@%P@W& OFW%‘F@% héer 9%%‘#%5&@] (ZPP?R%K) ,proPOXY) phenyl)
2 wiq hai®1.0- N-di et hyl di t hi ocar bany undecyl
pr"*’%ﬁ?gﬁ%& F%gb STbl ock co-oligoner (cf. e.qg.
'X?‘l)g gggﬁhgku‘i@dmage @i'zcmiaﬁl@dal ahi/or bR06Ayal Bhple is placed. Where the
- y T N t y . . .
selecged @p@;ziyl )@’i,’@qggqqg;(gg,qtm aﬁ%?%ép agcﬁjciyfcggél’lctor of heat (including a material
withé;;t%'exbfnﬁ[lléﬁx%})g‘lﬁ@l@fé& R BSH PRIl snilOBRRRess. As two illustrative
- epoxy-cytt ohexyl'nethyl acryl ate, (3',4'- 3A and 3B show
exangyles; wglass shipoy krtkinimad of ilicondy mibpey ey Meyged. Figures 3A an s
rpoxyl at e, adl ; y RdisRsRte is able t
two SRERRT Pl of F i roBROIE XGEAARIERLAY AR BRAte is able to
then’ﬁﬁlgjp acﬁlﬁmuﬁfcﬁtef%w'ﬁ]p d_i@/e?ndpctgq/oaﬁo&blprif,mg]plle(qu tonlg) thg apparatus of the
. substrate the .chem cal apd/or, biol ogi G i .
invepfiof: e e WABIEE i ISR clo % Puiicits, AR il stbstrate via the
condutc® Jredaflrcy elinevRgDthe anditedtore whsdreiatadgptod ltoidietegt and control the

material with rather insulatin or.pertie t he
temprgdiurer oft the sulstiste wa theeendueter QE ﬁglggg er?é%é, unHer the control of the

- elr%ltﬂiset sreﬁg(;rvtg% SEANPsEBle B HEheHR stbithit®lp 3o hliefirgie@mptrature and/or
i'T1Tcone rubber nay be used. Figures 3A and 3B sh%w cted 1
keett the subbtrese ats idvsiredxampereire valge i embedigpgnis such as those depicted in

Flgqsf?é?h;%tyi 3?2;%{ sesngv%l?rlb%{ %Bl?%[gf@'ise shiBibBO kS tlafsfer the heat from the

fcate w conductor of caloric
condRes ¢t adetlc antihe shapleppemathosghofit ishe Hoaey eandustor qfbeat. In some

heater is adapted to ther I 0 ni ' t
etk 8 g 0 e TR Syl ot O agvantgeons,
sinck SR &9 g6 A dE & FaMer nfeaslapthedndlly Welating omntbmperdturo Icontrol element
the tenperature of the substrate via the conductor of
frong an@herein afiditicartoees. abhry@al isplatiednt rol of the
t enperature sensor the heater .i eat t

able to h

sulleBhiheugppatsine ofcp Bpniighie Aevgied 14 i Wioffiat fe removable
sub&%@%?s%@te@%b&e‘*ﬁé bl A GORBARSILEdM 8l IR, tefhhs “above” and “below” as

enbodi ments such as those depicted in Figures 3A anq‘l . 4
use®Berein, géferst opositidhavhera ibs @pparatus of §i Rragmpivgntion is held in such a

tranalelndie 4 L&Y thierh EdED d
v A St e AR LB SRR Sk ph st fen e s
solétPB® tierheck ofpitavisioncin this posstidys thezapparefus| can/ uswadlyrg placed onto a

conducti vit .even.be.advant Si Ll
oo AR AL B A PR SR, MBkonducor of
caldrRTBEEh e ERbEiRtene both ¥ thtel hadrtiRrehiverare logatad deloiwothe conductor

to e.g. a thermal isolation.
of caloric.

[0044] In some embodiments the heater includes a surface that is arranged essentially
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[0043] The apparatus of the invention is designed in
such a way that the renovabl e substrate is situated
W(amwmﬂhae terrperature controljonmodul e. The t erPGI/SG2007/000047
"above" and "bel ow' as used herein, refer to a
posi tion, where the agparatus of the present inventiagn

pareﬂl@l tocth plane of die EmgapDIeIHbstiae 08 YHuch Blage pfiherubiraie thy sample is
placgg Clyr%ggq%%ﬁ;e ?hﬂ%ﬂ@ﬂ% H%?%? gfe?:i & g rsglgﬁegfti’zlﬁ 6% Qxﬁaﬁk{%ﬁ essentially parallel
to thoplahe of thdmbatpapia,r an shichaplans uﬁtheysubetrq;je Hueshnaple ds alaced In some

fl.at surfac In so rrbodlments osi.tion t
emiypdSherts bafh e Jiedis® Bt P RREor gt B, vt RS if afpdciCessentially
par@RIB ﬂ?lﬁmlefwmhé sitstrhite} bre wigehl siineaotthe bebssrarsie sample is placed. In

| ocat ed bel ow t he conduct or of cal or | 0044] In sone
somerAf Fheseesmbodiments e hsater sad (e soniorgich somprisg e spgface arranged in a

conﬂﬁ(;r?élgﬁj ﬁcﬁ)@f{ﬂgat gﬁéﬁ@fsath{llﬁéss&gmﬂgi %aﬁ'll@ﬂ% tRé pfaﬂ@ of the substrate, on

reno | ané of the substrate
whitln plasanﬁthe silgstysteathegample is plased iy gay AEese embodimgnis the heater, the

sentdISL BOGSE RURLALEHUDR LR SorlilbAPgRchGRECTT T 2 LY

e, on which plane

N 1 T

oonq;tﬂfsé asmfadearrange(hmrammﬁdoxepmmthahdayerrma|thad sleekortmayf Beeconcentric. In

e of th stra whi ch ane of .th
Sabadinett ot i BleF anf Tt B0y Re2BieSliriy Rag or both of them, or
part§ @Méﬂf‘%ﬁif $ortii@aitRaia0t i habb6f $BOEISEW ciéle)n BEllGW té‘cfanfgle a hollow
surf ace arranged in a_cogmon plane. This commobn

tnamge,tahbg &% SEHITEaPT PnpAPHPY T fny eligochroRnElof 2t Rig. 'SR cxamples).
e}y ﬁﬁlggéggtropﬂm\ﬂﬁleg th%lc%ﬂﬁnpgleﬁﬁﬁtssd'f%hﬁﬁts@l %@ ﬁa@@fﬂ?leﬁ‘(ample been

In any of these enbodi nent’'s the heater,
dlscshmeédw Guttepbery aim?—}l . badewl. dul obelobhese smbgdmﬂzlt&)botbfthe heater and
cal or
the Fs)cgl éé‘g lc%IEc% Vﬁljcj and Hgﬂ% etgl{ Sé.l?ljagﬁigs t?gg&géﬁ‘g Eaﬁoethélnembodlment both the
heatzoapd tlseseasa e ameceatrrcazngle@le isensar sxmowonds phahegtert frean embodiment,

Whlglilr%ea gef o{:ﬂ tglh:g BIESOEQ E%oﬁgétl:gge. 3%23)% nt&‘l[ag]%ﬁtg% ?mcg&ge sensor are concentric
andRRBEEE idder aQQd8c@itri® ebitiuefor oifi@Rlorier It A6 1S bbhﬁi’t&bﬂiat #Be depicted
for rnstance have the shape of a hollow cjrcle,

embpgimesnyy theebqazmgth@ SeBSUR GRS g sqndueig ef calotitoinchide ma%l hollow area,
so 3kt £ g}hﬁ&%ggreg@&n%gmedron (cf. e.g. Fig. 5 for A

Tenper ontrol nodul es that contain
eI m Sin R P RBERP %er‘&)\{lﬁuét&r oleé%'ﬁﬂ @r R§RAR thereof, is of a shape
di scI osed by CGuttenberg et. al. (cf. ow). | n one of
thatt is @daptedrisoniatebrthe shanetofithe s¢n§at @nd/@h@etmgteg eWhere the gensor and the
R
condacice of calcn@mhyt pxsswms:orremmndmgm@aneha toead eoncdntri@shape with a
enbodi ne [ ct ed a.Ccross-sectio
holfESEnYR, THBBHS PRF oK B2 SIRCGGr PG SORARRG Bamigh e shape of the
senstRthnd/or ARG Behte) GEfad iBE106€ Bdditi6nat Oftckd Glagts offangadesired shape As an
I't should be noted that in the depi cted enbhodi nent

illugteative example, demayringhde erodesbaRadcpat Whereafog ipgtance th8 part of the
contifiGbtisiEafricEWhidh!is e ﬂté&’\fo%ﬁ?h tlﬁcéhﬁl})t;@éf thB8¥ns8AEMN /or the heater, is of

}%gear as respective pairs sonme_enbodi nent s
circubse peafilelutbe eendictas aif srlogic gy be pﬁd@nutt kansoFig. Hsdepictgan exemplary

embsol'éﬁggnt, in which the conductor of caloric includes two concentric parts, which are
connected by a linker. The inner of these concentric parts is in direct contact with a concentric

sensor and a concentric heater, the latter surrounding the sensor. The conductor of caloric
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that is adapted to match the shape of the sensor

and/ or the heater. \Were the sensor and the heater are
wo ooo7iossance of a square or rpund concentri c BEEP&2007/000047

with a hollow centre, the conductor of caloric my

r%osses a_corr eSEOHdI ng square or r ound concentric

papaeelvles aged-sianed patts 1é is W@pﬁdcalbquu&FhapﬁeThennal conductance
t

s GPAPLRRE pALBphPcibis BRI U BRAEIHE Ot an e

crogsegtictipm red| thetdoseentrig partof Thmmabl @apacoadnczehapglvemsbyaﬂle double donut

Volkl'g'ﬁtfsf‘ M#X%#ﬁyl%”ﬁoﬁ%eéthfﬁén oo ?h2°20§33253r of

G T g S R
corm@h giieluty; tied tepgletture oFBitobModiiles amuyt esrhdpeludd-a Gurfdce arranged in a
exenpl ary enbodi ment, in [

depi c | t he
conpg R @i@sww COBIM; Rlane ey, &P@&Si%%ﬁ@éﬁ@ tp dhsyglapg of the substrate,

on WHiGh pBhE JTORS %ﬁsﬁﬁté%easdmﬂ]k 8§ plathg InnEtﬁﬁe of th&¥@Sé@nbodiments, in
concentric parts is in direct contact wth a

partigeewhetecthe dissidng glstmeantscan cdnidenticah dimensions,hihe| tgmperature control
[ [ (o) f
moSidkS BB hid6 RS ROrankl® «f BRINEI in common pfane In any of these
embdtliments -diou hstande viteres bﬁabest tWoetemperatiora doctrelnmedulss each include a
iven by .the materi nduct or of .cal ori th .
surfhg s i O PG oSG AR P aEe e UL alay b prposing cach
othéx int he re§uReRvY plase, R, tthe pﬂaﬁe rvlilﬁbh @sﬂ@s@éﬁttaﬂpqmalrel @ Vi plane of the
t he doubl e donut vol une wth the

Subw%qita s Bustrafed dnlig) & the emzﬁr}fmr Hlaglr’f%@iamﬁ gelyde ftwoy theee, four, five
or lﬁB&aIISéﬂsl{ﬁ‘ téﬁ?érh!ﬂ?eg cOHOE nidiR ks OPRe W%@Hfﬁl% &)ﬂﬁbf Rlodules of each

enperature control nodul es nay each
pait may wipose eagh fothee imtheagreadthiahissessentinby pmablpleto tipirespective plane of

b t I
the gs%g?a%e gu%lgt?lr g an’e & %?&PLHC %JIL%(,PIQ q Hgg&)su L r%{l ?c#ea respective
arra@ainkent is Sopinstana. debmtﬁbnﬂ[dﬁng (ctfesleo Eido dbilPhgnI depitts a corresponding
articul ere the atln ement s e i.denti c
eyt Wit o Y SounrutiRia BheBRErDR R adbost O the samples
shoRyindFigarebE a W a&egBibed drdifets Q:ﬁ@ﬁ @athi Dvalusersronpp hﬂi’l placed directly

In any of these enbodinents - for instance where
abovg {g teppsratuinrentselnedulen riieh aisdarated eadie othel fide of the substrate,

Théwa{e@q%o;ﬁstg %1 wsnomv@erﬁemfﬁfénpwb%ve&a%@ @Hﬁrcﬁtrﬁfrﬁral oil. As e.g.
control ‘nodul es nay be opposing each other in

illupteafprb ity FigeSIpnadh Eig. éthhe tenepgsatareecontiot pleingnts Q%Thq aranged in a row,
I

anai%%r ﬁL e% é& 9}% glexglglgtt 6{}2 w%rl:%e/ox? ‘dtlﬁﬁl'h%a gﬁﬁe qebgaf %&% Bws can be

comlhnaiato provide ah iapearatns withes. g 321 48 of 96 mdvadmuzr@ntrohable temperature

rm | es.. The t t epper at ur e nt r ol dul es of each
conf3f Hefigptso frse g c T GPHEPE Af i opreaiE HHah iy 66 sed to cary out
indRS&RNbiokddidal Rad/adt dheida0 réa'@ﬁoﬂiﬁ%ﬂ alsbivéRvplirAemdfi-wélEformat, thereby
substrate (i.e. the plane on ich the sanple is

signifigenily) advapcipg élirﬁoplé‘r%# State @Eﬁ@cﬂﬁtavwh@hr%lﬁg eleve applying a common
terpBRh@B pRoHER 4i @ﬂgﬂl& cﬁ"a%ul%gfeﬁfng RALso0 Fig. 5. Fig 1

epi cts a corresponding arrangerment "wi th a glass cover

Sl i[dod8 Bhe Hhtdad r ﬁl@%ré&ﬂpitﬁ%mﬁ’élﬁﬁeﬂrth&e&ééfgﬂed TR8uch a way that

npl es shown in Figure 1 are water based droplets
the eramve»bls tsubstyatd @ntdrebf cavens thanderppesetire eontesd tthgduleolpe embodiments

Wh%lﬁe e t glraﬂfsufn‘él ?9{ i sugﬁf ldh? Stemi%}bﬁlpe %5&(&101?1%51?1@ M removable

sitde 0O
substrate may entlrely cover all the temperature control modules of the apparatus.
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The water droplets in the shown enbodi nent are covered

wth 5mM of mneral oil. As e.g. illustrated in Fig.
wWGeRoangk7iH g. S5F, the tenperatuge control el eneEPCHSGEHYT/000047

be arranged in a row, anal ogous e.g. to the
arr t of wells on a multi-well plate. Severa
su ﬁ&?ﬁﬁﬂ%m% 1pvseH PR Sirthey PEVadesremethod (9f apenl g ihe femperature

of 8-Hemi4l aft@oP 'blcﬁ@glbaﬂddaiﬁggalﬂ Tt YnsEARL " péah'xﬁ)tl’cl: ®hat is included in a liquid
tenperature control el enents. Accordingly, the

droplsp arhetmethed indhedep peasading ianwpparatus asdgsobibed seayet The method further

. 1 ndi g | i d/or. chem cal. . .

L] Qg RRRUCAHR! (oBlrBlf e eGP hPbipg i ihigpt andor biologica

sanigher &his semgperbiveantdlye anarfor ngkairdpe chy rstotkd Sinatag efternal device

conpipEhtsiay i o Rraes: fhe it G unbs dicuamine e tpmgerature of the

con@E&BY of cABABIbyTRABaRPERha tttip&htukd) SefRbE SEIM meiYEAM fefiperature value
is further designed in such a way that the renovabl e

may {prsinptance keneamapyiceled & an exernekdpdeatiicee thermeashred temperature is
con%?éﬂ 0:thd PreaPRO t@ﬁp&ﬁm\f’@%ﬁe.tﬁ‘l @191?”8(8% i'f]llée%?tﬁg& LtHRRs applying heat

e than one tenperature contro
to thenwondbtter sxfbsdarat es heng entthe elepswred dempératurdids below the provided

t enper at ure, cont r ol dul es the par at us. 49 .
tempEgRgt debler oy SRRt o6 1Bs e sty BE SCastitc bt themical andor
biologiidl @inipl@afeliRate@nper at ure of a chenical and/or

bi ol ogi cal sanple, for instance a sanple that is

i Nq0e80Y dFurthegmbiefitiote thap phe bredEhgedRhipethtird Ghlidesay be selected and

royi ding an apparatus as descri bed_apove. The net hod
a P%HP h ﬂ?l?f‘c I"Eﬂ}gg’ep'f‘%ﬂ?‘%‘ﬁi g™VHh pFachert (1B EwIsdYeaditpRerature values.
Acéb@dliﬁ?lyfaot'ime e&iddnR Wiepeheitadlcag bl n&i—ﬁéa‘ﬁﬁ? GRbrvals of any desired
sanple. This tenperature value may for exanple be
length gpay] biense ineadvengea kndl syhsequentlimbm icarsier neptvigsintg theemethod of the

i BB o 00 B400 | P IER RS Q0 et s ot o 0
examipéestbehper may be caried @ut usihg theeasthoé of tlenmesant invential (see also Fig,

9. [t be yloRI00R 45 of ST 58 5o bE oo f BHRG wpish the temperature
gradlyn@eats bedecrerpe Talsuhify fodlinseancEbe bElgeveans dridually increasing or

nmet hod i ncl udes applying heat to the conductor of o
dectegfipg .%te %rsd%we tepapqrpturealie (aad) agcorginglythe keatias frpesyr) with time.

th vi ded_ tenperature val ue by nmeans of the heater. . .
ThiP@{ﬁ AR dIGGHISY APE SR egﬁ@m%ts &hfoppparatus of the invention
inclai & R6kecthn SRR ePH@cREAkEIdnodI® X dcofdingiDes f@éﬁ&)tivgﬁ%ﬁaratus may

than one predefined tenperature val ue may be sel ecte
be ysad imthsangthed of theinwentien; Ipsorme o6 ticag embediments dhstegiperature control

r ctq enne ‘ . c [ t
modE, GESREChALTRRRhIR, IIAES 40T TRLY (3 Ul 1o s
embadireents irglivflua tgympersiurevaliesngay bepyovidedstor heatingdtie nb@nical and/or

biO][%%%aﬂs ?mb S;ﬂ? I%g ﬁfrle%?gtz%ec eriﬁlga?q.rgtthogﬁo g{%gﬂ%l? :o é hﬁ@g()d l‘a(,)t‘fls. Accordingly

the ayethbéd @fphecigsantidd inky Ust Judh edntpddimentt Ghcludé $eotiflidg an individual
exanpl es bel ow) rmr% be carried oat ugi ng the t hod . of

tempﬁréfnf@? ¥aluf dor Ga0h feiRsratpaongpkogyly. AgpXplpined gheyey thiw temperature

valt g s i Get RRthedthg ARG 2A®Yr @i'oﬁ%i&? s&fpI8 W EiEh may be placed on
during ich the tenperature gradual I NCreases or

a subsieate abeve thynpspectiie teperpivss eontwl rodatenilbuea phyality of samples may
be MR ¥e hORES WrdePbnd¥hily, simultaneously, or within overlapping time frames

using the same apparatus. For any desired number of these samples, for instance for each and

every sample, there may thus be provided a respective set of heating and/or non-heating
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decreasing the predefined tenperature value (and
accordingly the heating to occur) with tinme. [0051] As

Wo pe7oat7ed above, in sonme enbodi ments the appaPEl/862007/000047
the invention includes nore than one tenperature

. .control nodule. Accordingly, a respective apparatus

integdls- e used in the method of the invention. In some of

hese odi pents the tenperature caontrol nodul es of
ia%igﬁiafﬂa odjienisn ¥erq 18 PRRSIAVS S F1ssth Bat Hneludesy at least two

tem gaturé‘@(ﬁiﬁ%l mo’dﬁle§ Uehich AROAL IR Ssd1Rd Yo ﬂ’:‘@e{ch other the temperature of
" hgﬂerature val ues nmay be provi ded for heating
the ¢

ctrai| of zpatiyrisr oth¢ash dginperatuse epiteol anodule eweﬁimhvmuore be measured

iR Y el TR Rt AR BN e pppretoe semsor of

the msbe:dwmie%peraﬂund ewherop frvdinth. Mg swch dntitsbidith et khe method of the invention
f or eacg te erat re control. nmodul e

mayAglng 81\413 g applying ugtor gk cplgric of each temperature
con’érMﬂ'n@&ltlb ¥s fily dsQhe ﬁﬁ%ﬂré@te&p@ﬁ@ﬁ’e GRbelaRALE brcp/hd%'dq géljature value.

whi ch may be placed on a substrate above th
Ther%@p%a@busubstfaémﬁé@a%a sopwavense arlpmieal angijer biological sample placed

ther@bd % @héa?éﬂlﬁ{hvﬁﬁﬁﬁ es may be selected to be heated
| ndepen ent | taneously, or w thin overlapping

g r
TR S5OS8R Bk FRRIETN T 5 ot
temperatuye vanpmay bbtseleetedmyddphm@nﬂe fpnoamydetticatenpsmatuwt icortrol module,

N e N T TR (AT S T —

valugb dt&aadi tdlmrzttﬁfmecsrﬁtdll eodidét A€dordibgly! 86 indiitied) tahe schedule with
d from each ther, .the tenperature_of

| at
Pfe‘{qgé‘ @3 (298 Top-Ticalieg FerSEs LRy fiesisdlenath aaydiepesformed at each
temPEEHikE coido] bl dule LEBE Gh endiRRBHF B nPEHHOnd ! dry 111uy?£t§ve example,
neasurenent is generally carried out by neans of
indepspdsat BCRr evcling pegcesies miy beegyded pyteon ernberﬂlanfetemperature control
modt?&tdndhe Wﬁaf% such enbodi nents the nethod of the

I nvention ma so i nclude individually applying heat

to [6(‘3@’ GR 36 “"teﬁ{bogfm&ﬂé 8f {}fé IﬁgthS@%P tﬁeemgﬁt%uﬁargwdm% the apparatus

contro € as | ong as he measured t enper
lnclb@smmvlﬁmgm subisttatd. Thevrp@saatsﬂ whichl ese. beTiepminyode®dIby the apparatus
bstr and as gonseduence a chem,cal
(sup%a% ?oglgégﬁeds%npleeth& EIDEraiae %oc%rol |1304$é%it SO %Hag ] entirely cover it.
Prowddug\thcﬁi H@alr@tus A9 %Bo iAcluds giovidiyg afcheménat Bnd/enpielcidal €ample and

tr.ol mor e_t han one redefl t enper at ure
dispgSpgd %@'ﬁﬁé@éﬁ%&t PHPEDBR é’ﬁtnr‘}wfl?fgw ARy MR As an illustrative
exaﬁa SIEP ShdicUuhe saRpld Bla Mkl doplef) Gt ﬁ&ﬁﬁ iR Ci¥ieds o6 th®Substrate by a
[ time may be associ at ed Wi th each of the respective
plpqtfé@péaa@temétwdlsn@@eat each tenperature control nodul e.
Accordingly an individual tinme schedule with

pr 8eP] dedndisated howm dhnermnme sayhs 4 hawd vioretorr igglyded therein. In
som@ %ﬁib%gﬁiaén?sntﬁ& ﬁhe‘ﬁ?{)ﬁ HEn ﬁ{vfeﬁﬁﬁ:?%cﬂlpe Oldtl gédfﬁ/%slquld droplet.

control nodul e using t e met e ln
Thediquid droplet mayxbe of>aaphdesired vrdwpe agl bomg dQGRCBJI)fmﬂ plnged on the substrate.

Acc? é%?a@%r@éggt r o@hﬁ%d—g ?}gg} onq?cﬁ%&)ltgr EI’Iotpf &r a({rﬂegpondmg size. A

temperature control module that is designed to heat a liquid droplet may for instance be of the

size of a few millimetres or on the micro- or nanoscale. Where desired, the apparatus of the
invention, even in embodiments where it includes a large number of temperature control

modules, may thus be a portable apparatus.
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[0054] In sone enbodi nents of the nethod of the

i nvention providing the apparatus includes providing a
waeiwsnyease. The substrate, whigh can be acconmedE8€zHODY00047

the apparatus (supra) is disposed above the

tquerature control nodule, so that it entlrely cove

B5elvilhe Heguid eonlefarnineluderhes maater.idrh ad qxrlasﬁmerfgagnetlcally
attrﬁctﬁllﬂ@ rﬁ:%aﬁék A0dh ﬂiusghﬁt@gkafﬁ%? SATBhE éﬁ{%dﬂhélg§§iaggetictally attractable

onto the substrate e san may be provi
partiddanisayAse pucluded drs thealiquid deoqaletplSech whitickss tohay ban’pleetm agtract target
ud dro be . .di s sed onto the
e, o o BPBaSenls, HEbpBRAC RBHET o e pbifigatised with speciti
affinf9 5] taryet matdreat edptelioy eirgdt hexttes Mixreforeacting ada birdingmeans.
dropl et or included therein. In sone enbodi nents the

met[bOSﬂ]Ofn $dinge emb@lifnentd thé tijuidedopleninctiidegam inner phase and an outer
Iet The 1iqujd et _may

phast, Sigre dBS PHE bR i TS faggfy Sy Ing e Hg% e 5o film. Tn such

embdBmSHR ﬁwlagm/ thé\ﬁq&'fdddmﬁé Muﬂehﬁha@@@é {gisEBMHYAR N8 of the inner
sel ect ed a correspondi ng size. A tenperat ure

pha@@nﬁmhm upuaé/ bmused Joridhs gaspertive Mhwse: Whpteqmdioplet contains two
1m1ﬂfs g@syorflé)ﬁha'sgfsttgﬂgﬁ ebfbn‘ﬁ];d Bg I?%i ﬂ&ld (%Jl‘lea‘gje g. water, ethanol,

tres or on
acetmlsj Né‘ﬁ-dlméthyldbpaamtdasor aftraniethaney, evitiledhe otheiephasais formed by a non-

ol BER & 8 e%inenflanc 4 ‘i’ﬁ@ﬁl B8 ol ”%?B§eml sther).
005 T
o DL Tt g B e it Sl Rl ooy il ctissolved or

susﬁrﬁidb& rtherf, @R provided topleiiee veApinee.gl theSARR liquid. As an illustrative

odi ments ma netlcall tractable p rticles be
¢ B @EUGIYS SAEPIC HAY al%wf?pw& or BAEH DY, tqogrp@ém%?NIB@emus buffer

conﬂ%uﬁdi Bredisedl &€ thel A ST mAPWelsed L caARButGHP Q%&?s%r%cés@@s described

nmagneti c particles can be functionalised with specif
her@mf Exaraples of buffergdnclude. thayt agnuotclipited tm got@pg&pf salts of phosphate,

car‘t;@fa{eer sr%c'égﬁ{eef o Fet ' 8daf2S zg:epalteF #’ ! nC 1tl[lr91gr5 Qxealrlepce, lactate,

sone’ e ment's t e’lrquird drople s an
phtiplats smaledteanacodylete, phuase N-({@#recatarhide)- @{atmno -pthasesulfondte(also called

(AT RS PerkaRe b fRERRRS ada aisg felsa repEs), 4--
hydlﬁdib@&ﬂwﬂﬁl—pfpﬂa&ﬁie@r&paﬂehhfdnﬁ@ atidlqdisd dafled HEERP®)Epiperazine-1,4-bis(2-

as Any | qU| d may_ b ed for the respective
eth%wa%lgomw 261 4 (alﬁ%p@élle@ HEED, t@d Trisghydioxpmsthyhwgthylamino]-1-
cthBREIMIBSRid Jaky pdaﬂé‘dl |’J§’E§)°@@§i:l@iéx§laﬁﬁﬁ@&thﬁﬁs‘ﬂlﬁ’oﬁlc( 848h(also called

wat er, et hanol, “acetone,
CHHSNm@F?Ne@Wptamdq}amlwmetaﬁﬁ (aASQrﬁ@lln@A@A) Walylceuntiseion may be used
f
n G153y G 0 SRNAELRY LA L, B, o
exagipéashpf eiffeey )inclpd) 584t Ftee nsaﬂphﬂedray, ldethanotaningt kliethanolamine,

f.urt her ter. for_ exanpl e di.ssol ved, o uspen
cthylHing; , PRV EPE e R et RUIRPERY ¢ BRHOBSy, t B ygmethyl)-
aminbapeihdne Aslsarcailed msus;gt bMQZ&?ydﬂiilyéthm)-1ﬁhﬂidﬁﬁsﬁlyﬂﬁfﬂg)hﬁthyl)methane
nmpounds.. Nu

Y. i ude one or_nore buffer c
(s e Bt gad S Baduaroymtotiy KISt o Heige s lgd TRICINE),
to atheCfd TOYtbulRR MaF b 40 SORAES: Sesieh bREE: & Lﬁids or solutions
Exanpl es of buffers include, but are not imte
in agyitehle ppler ofgasigisplyentt phosphat e,

[0059] Further examples of matter included in a sample, e.g. in a phase of a liquid

droplet, include, but are not limited to, reagents, catalysts and reactants, for carrying out a
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carbonate, succinate, carbonate, citrate, acetate,
formate, barbiturate, oxal ate, |actate, phthal ate,

woradogmav444 cacodyl ate, borate, 17 PCT/SG2007/000047
N- ( 2- acet am do) - 2- am no- et hanesul fonate (al so cal |l ed

ACES) ,; . ) ) .
°he¥g@i‘(ai 0%1 hinlegical proaess. gyserilpstrbivrrexamplensalesbHPL oadstergents may
be 5&158%%11&16 H%ﬁgﬁh cefts G€-proteins in an r?act state. As a further illustrative

roxyet hy - pI per azi ne- propanesu onic acid (also
exam@ild, ehel&mmrnpmmpe may ibaeequindbfog (Btanet hapetedt prganisms from traces

of {5t B aFBLoRd Ak ioktiont Sheaplihgsapiign s vet a e
illugteaticre (emﬂwﬁﬂdﬁﬁb ibhjitors may need to be added in order to maintain proteins in

2- C\é agenh:(%ﬁlgr?lg et %%*l}J ll’;?ﬁhﬁ@ﬁé nglétsé)a&{: l‘tﬂ‘glpqeédna@etlcally

attrﬁ%)le pAIES qs&t ﬁj’ovbP T BhdBR1JSASKoh hé BES®R B8 §kh additional matter
anmmoni um sod I um and pOt assi um may serve as

may be inplidediine lquadndrapiet. Whernie 1t oplet aicledes foeqrg than one phase,
sucf(li ir}%t fien ybf& ifNténc ?hy 1hélmiédeglttthg 63{111 p%tapéagé) }%rgagrﬁ%eeor in a different

anol am ne, I"'am ne I*am ne,
phasgg.ycyl gl yci ne, histidine, tri s(hydroxymat hyI ) -

am nonet hane (also called TRIS)

bi 4046H] hitehtimgytbe fydlpgicati sample imsfy hiy drooeyerebdipnpme tiidinke, resume or

al so called Bl S-TRIS), .and . .
cau%e_ zrnrq,ccgl(eﬁi)\;lap 85 ?r%?cﬁfﬁ %ﬂ W&sm}e ]Theé?ff)lfﬁ thg nteg}ogoof égeﬁlrégdthe respective
samph fabNdps il Soni@embedimeits ca#iging Wk @beOIBQMalbe&ldﬂﬂLbﬁemﬁcal process. An

sol utions of such buffer conpounds or solutiqQns in
1llu§rﬁtryg@x%m51@| ofra &sggﬁﬂvg LRSS Yt 3 CP%%IJ reacHq, dixamples of a chemical
rea&%ﬁrﬁﬂbﬁae oﬁutnﬁ%trﬁﬁ lhﬁr?édufd)e e} bHénﬁcﬁaﬁ]ﬁh{%mseagcheinﬁba@ degradation, an
phase of a |iquid droplet, include, "but are not
enzymptiq egnthesis,r e gwaymatie alegtaylem@, anchewiel anedificatin, an enzymatic
I c
moc?rﬁle%rgdtllf g]’tl ?#Eé‘ragt?((greﬂtﬁg b“?‘f‘?@n 1e qu% Qﬁsf St g t{esbrshgtgrgri eof. Examples
of amagnzymatid dgathesis mdtirde but arainot arrntedethaSpmtenp spdthesiss ai micleic acid
intact state. . As a further |IIustrat|vee | e
Syn@‘ﬁ%‘F’atau Rﬁpt&%ﬁﬂéﬁﬁtﬁﬁsés ity SPERGSISG O r P hW‘:‘?‘ﬁ% HE‘@PP‘EPd and any
confbigitieat thereof M ddiBordal dsvitésames befused herigeort Iﬁéiﬂnfor&ﬁb tpBocess. The
yiel d of a chem cal_ reaction.

to | ncrease the
1mp$f‘érenéatr0&r<t lyers¢ Pn%qa% deteciionesysieaise o-gpPhrtadiedes (PD), photo multlpher

n t
o M IR AR ALl SEAE 15ty Bt s

$oringanggdillows enangtosing atmbﬂeoqmmlw seactieriamiaradiel and real-time.
attractable particles (see above). It is understood
f r d096lheAnppilstrafite exambleathgisempiranayricivge amwglelreacid molecule and

heaﬁ *hlég;e gm'}rd%} gn(i/han K ﬁﬂzﬁpgﬁaln@le m\la\gﬁrgﬁa?ﬁwl‘dsg Uheﬂ? deopbe k PCR’, see

alsol abnvah ciRedb gime detgdtich pmvi@e anaseplpficsien gdott ﬁ@lcﬂmlgpﬂhe ﬂuorescence
SlgngL rﬁ‘ffs g— db&f (ﬁlr §nt ghna qu Eﬁ%gg%c]l? E}bﬁblg?sg (§ Eggm‘zg An mcrease in

fluck@dsteabode thelakaine Qrﬁdrélaftes&h@ deeetich afacbﬁlﬁuﬁﬁﬁg amphﬁcatlon product.
Therg éﬁpt he net hod_ of heating the respectiv

Whergg ALCSCsRES ld-isret abayer the bgsdine, the @reﬁ@m% signal thus

pas@B WiQFnredRMH S8 cPRLBRS poitD Ad ity @ktp'rééﬁec??ﬁqgﬁllﬁoﬁycﬁ numbers, a
resgect IveE process Is a Chem cal reaction

so calledh&ivicleal hreghwdd (@n nundien dex, vabug) iaobtairsd. II‘hmsngert rhls laumber the
i"urti’rrg‘etmtﬁ%el eftsﬁérgrjeﬁéécﬁ% ﬂu&’%?ééh&ea&%r% %dca%rﬁgré(f?e alﬂﬁhﬁcatlon plot and that

an enzymat i
comekp&lmds ab ttredugharatanoentraaml efzthaedtarting template. The higher Ct number

corresponds to the lower concentration of the starting template.
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nodi fication, an interaction with a binding nol ecul e,

and any conbi nation thereof. Exanples of an enzynmatic
waynrhesis i nclude, but are nojglimted to a prPOL/EGIN0T/000047

synthesis, a nucleic acid syntheS|s a peptide

synthe3|s a synthesis of a harnacgiglcal conpound,

andl0963] Thodsrmarusiela srid arslecule] Astuses dereiesters do gay nyeleic acid in

an}“ (?sglbié)cozﬁ ?hl%hoﬁrsu@}? 3§ LiRblet AGMRII086 @ e stFiiRled or a combination thereof,
'ement at’i on of diversé& optical detection systens,

Nudegc agifroinstiidedieos insemice IPNAt motaghles ;{B4gercl3NAesr g@wm)m DNA), RNA

n cou Ies ( Cc
o EETSEL B0 AR, M p50RCHE SERAS S BF wing mucterie
aneﬂ@g‘lleﬁ of usigg suclkidacd fbﬁﬁiintsﬂy aERBNIAD (Iﬁoteih ﬁﬁu‘laUﬁidsﬁl’mNA or RNA
al -tinme., [0061], As an,.i str t|ve exa
magiﬁmf&eﬂﬂm HoPathstis oRighn admay bg SRESOE qubjﬁ atrwgi&fh Inythe present

mettd@ FNBEOBRtiGN S/pially] PhtOsHt Qfél:es§ﬁfﬁ?| g FRYA bP8 DNA molecule will be
ynerase chain reaction PCR , see al so above).

use%e§uch nyaleig acisk eanobe gigo RS, sRNGnpynthica RN, ginomic DNA, cDNA
yn‘ﬁ?e? DRI A téaﬁ(():lfy}rfép ?Wﬂcﬁdmﬂahliéﬁﬁé%ﬁiﬁ%ﬁ%ﬁ (Anrésgg@ive nucleic

expressed as e nunbers (see’ Crea
acid mafyl fuﬂhemxowocmtah awe-riaheal baskbiideanaleiues ted’ot belinked to an affinity

det ccunul ating anplification product. \Were
tagé)ria(?éoghec? %8?’ scence threshold is set above t he

¢ r G My ScleBBIERRA0E e S8 R ALY BRIR{ ot h Sucteic acids and
oligottiesisdd used tigrthe p@éseﬁty ﬁieﬂloﬂtkffo&é_smvéhtﬁm: @ah{lﬁéot@é%r@ﬂogue is a

hreshol d (Ct val ue) .i s obtained. The o
nu*"l 1de cpntpiping %mﬁ?&fgﬁ% & Top 1sHBPe 15 DRk Py of phogphate moieties. As

an (IRSRSH k8l AT LBGRNGE 68D VOH Re@h&dof ﬁRN‘)@wﬁh 2'F 2°0-Me or 2’H
anplification plot and that corresponds to gher

resigptis kpwnite inprove iHee igtvaya stakjlityerfigheraspective Rﬁi@thodtﬁ»cahons at the
I h

bas M?ﬁﬁr ﬁ&{l&eeﬁe#l?ﬁfj érf%%g%b‘ﬁﬁ%&y}ﬁé?a%%ﬂﬁ gg{qéég 'Cgr&mg fT/EI N§fferent purine

or pmirmdmeéiasesssuschad ulnasiled-yl, hgpcmaatlnm9@m,yand® hmlrmadmnmmyn, as well as

o o BB Bl 0 8 S o wivers

bas@@i@ﬁvtr@zﬂﬂia@& frﬂIuderShmpﬁrr&%nﬁDS-ﬁﬁmhﬁﬁJlé EUIﬁverszCl Dées are able to
genonlc DNA), RNA nol ecul es , anal ogues

for@r a Page PRAvath W(’t&@héf‘s&t @ésmgwoﬁgiqaue%%% gamhg caeed with for

exdMplé 8 lsighr %&ilﬁéa‘ﬁoﬁcé&h%g ?&‘ Bbtaoe PRSI KRI9L, @1 d) to achieve unique
nucl ei ¢ aci ds). DNA or RNA may be of genom ¢ or

Pﬂw9%$h@#h@saﬁigwﬁddw@@mﬁﬂﬂbé/S|ngle or doubl e stranded.
In the present nethod of the invention typically, but
not[0fe4) e Eeanmagatusandrmethed of tonmvensioa cudyeinioie ggabodiments be used

I
to %é;cﬁ‘?%lgﬁlﬂg h‘ﬁﬁ%ﬁl ﬁ%ﬁ%ﬁ%f‘%ﬁ%ﬂn&%ﬁ&r gh;: T i sﬁ ’ of (a binding complex
betweglaygebmatiér dhltsl/bthatrdnm ol i gonucl eot i des etc. A

respective nucleic acid nmay furthernore contain
nor{thﬁ] ufld mmadlddeofitle iavaitiogumsy dred tambined | withk esdcht @nalytical and

ffin ag o ove)..[00G3 n
prefftafie  Pihdad,afls ofoud %G | iikieafilC ¥ioiple” SShmpRBaphy  methods,
eleﬂmhmmt@gap}ﬁc aneleatokgmiiac | dpérhategrapbed ahd td&tmpl&ﬁ‘eﬁitt methods.
met_ hod of the |nvent|88. A n%gleotlde na

ue
Exqipeif i HecRBhpEAi 7 FIPE dpstaHFeafior OV rdpctiphoresis (FFE),
polyiRyIRARR: g WdéiropRéreRB QPR EcdRIlRY I 88e ofapillary gel electrophoresis.

The combination with such methods may include a common substrate. As an example, a

separation of proteins may be performed on a small surface, e.g. a micro chip, for instance by
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an illustrative exanple, a substitution of 2'-CH

residues of siRNAwith 2'F, 2'0-Me or 2'H residues is
Wha@n947e4 | nprove the in vivo gfability of thePCT/SG2007/000047

respective RNA. Mdifications at the base noiety

i.ncl.ude nat ur and synthetic nodifications, of A
150‘&‘3“5?1 megd% ?é?sé’ﬁ?“‘m?‘iff?ée dpay,{hennpgy Pﬁaéefbﬁ@g th§ (ApRaratus and

mefidd Ul prasefl:  inhRBYE AR ideafed lto &ﬁﬁg out a chemical and/or biological
2- an1noaden|n 9-yl, as well as non-purine or
reagfiyi pyri mi di ne nucl eoti de bases. Ot her nucl eoti de

anal ogues serve as universal bases. Universal bases .
i ndﬂ&g@ B ender 89y threoinventinh Bapiber saditio Pederstadod @nd piut into practical

R T

exafmplesexanpl e a sugar nodification, such as for i nstance
2' - O net hoxyethyl, e.g. tpxXaWipPE¥e uni que properties
such as increased duplex stability. [0064] The
apparatus and method pf . Ielfle}ng}{?Aﬁniﬁgrn may in sone

errbodl ments be used t0 determone hermal stabili ty

e
! A% TR S S 5Bl OB AP BB b
to ﬂTdn gubstrataoad will asheeddubledariub shape ywithethe bedsemand sendon lsuatdd at the inner

don%p@ étﬂfgc alerean d rdetﬁrgt'ila?mlg n%@t n 3 g%m} | %ttw%:rr]ec %NSYS version

9.0 e]Eleﬂeﬁts CSHEIEIBB@ grithpiehlCconelaetof GBO @i £ sﬂh;bﬁ fiﬂ& QgoaRsr glass were

horetj.¢c ne hods anpl es .
use %E’HB? Y COBAEtoNS f@l Wfﬁ%ﬁ%tr?ééhef ¢him perigigter to 25 °C and
ade@ﬁe&@tdiﬂﬂff@d@%lfshefaf: Fix wRe! &ﬁﬁ?%b@%dﬁl 98hr donut she;pes to set their

el ectrophoresis (PAGE), capillary zone or capil
tem@é‘lat"éPse%@ﬁo@ﬂ& ia8d 5TRE- conbi nation with such net hods
i ncl ude_ a common substrate. As an exanple, a

sedﬁ%&] i B1 the simrle sionyt sactuse thes exeateniclienmal -gradipnt) was found to be
Cc
oo 286 S, AT 0E050. Pkl BIBEE PRl M2 OEELBE coving
relatiyely dighhtemppratura nosunafodmite b d dCofithim élemrmnterest

invention, for instance to carry out a chem cal and/or
bi d0@RSl cEhe wesaderiughof fhe0BBibld domut deapet ahralcoml'wted by two beams with

thernfhf & 51519 vnire%é, g)tte af ?e%gt[ thf ucﬂgte geggl}{geﬂg Wi ljlt r}tﬁ%\”s biél temperature

prac Icular
umfd)emﬂy Mh‘émh thy inveey doﬁutt Eﬂnﬁl@ﬁdmmsmgs afanddubld ddnigstructure are shown in

| es. MPLES Finite El enent Anal 0067] A
Figg] rrﬁ%@‘)a B SIPHfYPH rETRBREHE (HOHGTBHY £ iﬁ? Eiwé%u‘f@ssdlé%eﬁed atmost
enti€ RRCEhE Gaftileder) @8PpdrAng B8r Sxfeetatiah hat A% WBSd taBSb@ween zones will
doubl e _donut shape with the heater and sensor |ocated

be mginimple Thislesiza gHOWS ctep] tampergireohallifoues gregy indgpendently from each
oth&' Eﬁ]lldt tﬁu@w%re%md AR Hﬁfe&grﬁ"prcelg?f&tg\@ﬁf smﬁﬂ@f&uﬁ@%%’hg Rhip used to

. Elements SHELL- constants
Obtéfl@ r’chfs appaa:ztms wasl desigmad Wish aglbmdmg/\m@cmﬂ'gdratfﬁy pdcmical to a standard

LC@%% Hl%&&l c%ﬂ?d %g t%e'ci c%fregugneﬁ testtlng 16cikt t(? determine

dev1ce thermal parameters. Since our device thickness was only 0.45 mm as compared to the

standard LCC chip which has a thickness of about 3mm, a plastic frame was added on the top

of the chip to compensate for its smaller thickness in order to get good electrical connection.

Fabrication

[0070] The basic substrate for device fabrication was a conventional 4” silicon wafer.
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adequate anplitude of heat flux was dissipated in all

four donut shapes to set their tenperatures at 94 C
WQa200@0uTeét 55 0C. [0068] For theg sinple donut SPCTBG20B000047

the greatest thernmal gradient was found to be al ong

the beam axis. There was al so a thernal gradl ent _al on

A Ty layshof siepipexidewas ﬁ@oaltqdebsal’ jagrar Frhanged Chepisahaper gDeposmon
(PE g]'lflf_lé{] mé}/ f%& r?é;' X\% éle% afn@@laf@; ) gé'neﬁ{e 5111con and the

t he onut
submqnaﬁan@aﬂ ﬁxlyn tAN@S(}b eangoldiayhr thhrarthin doode aﬂhaswtm leﬁeroﬁas deposited

| east half th of .t.he inpner .donut
by BoeBr SlanPRion: Vb 4 tortlFionl R R gr. 0 TAGHEE “HHe® Ar tayer was
hth@rﬂjhﬁledllyojﬁhtfeﬁfdd usgngof i thiek A2 7do0 wbsifivé BBbtdfeRisBtcform the heater,
in_Fi denonst rgél ng achi eved tenperature

Sen%a ffl?ﬁtlﬂ?atlgﬁa%ﬂﬁ‘ég A eoniack PRfASssi pat ed al nost entirely
cantil evers, orting qur expectation t

via_t t
t hé"@lis%ot amatals Gt 6KRSD e conyenfiond ipmpmEsaTtORS; gﬁd by KL, and
chrdiR8S N (R, POeO)! Habed §5fﬁﬁ&%t UAﬁerotatcﬁ n\%egp Yhe Qﬁ&ﬁs sandwich, the

[ ndependent 'y fromeach other and thus could run
photasesist dvdst siripped PrRcpipae eoditke s¢oond tlah@@myysteﬁm@smrbnned using

5 AR50l 05 APPRE SE S FP REAgIE  Bve mas for

silido@Get@dng dykBeep Readtivat Iont Etcbmgc(DZHEQIthlmpglﬂ therentire thickness of the

i GHNFRL 2ok LS 500Kk L0, eL LG LOURGE e protorsit s

protebted b 481d Med SR @Swho fitdh @toﬁb@w gt 0 BLfPered hmde Etch (BOE) to
whi ch has a thi ckness of about plastic fra

expogehasgigitigobind ihavap Slogred by DRI 93qseh B&?ﬁ@n%?é U§rPaFftn§ 5498312).
As ﬁl%hg)eércntbg 'lffl%é"%fe A15h gitfd:ﬁ{ 5791 %%Iﬁgl%ges%l Sﬁ(&fcb& ﬂ{dlw%iual chips and

connéct | on bricati asl c strate
elingnated thefnghd lfqrahq:mgm ofwetatiyelydragdn IMBMS stpctugést Tholast process step was

. OX| posite g
e R0 B GRS PR GFRBRESy Bbfizca o
wat&i 408 dryingbyeneaas ofis flaw ofhétedgenh @as. | nsul at or bet ween
the silicon and the subsequent netal film A 250 nm

gold layer with a thin chro adhesi on | ayer was
deposited by e- bean%?éb‘ﬁf‘%ﬁ&ﬁa?ﬁﬂlﬁté{mt otal sheet
re ' e 1WD. The . .
" BT ol dentmont peeisteot (bricajec oo e dgtermingd by probing the

devﬁ@ st Hemobd b€ 60 ftadeVi@btett, e hepdifferens %’%ﬁ&atures. The resistors’
el ectrical lead outs, and contact pads. [007 Bot h

va %W%W@xﬁbﬁ%w dbiffe ﬁ@mmeaﬁufé@rcﬁﬁrﬁge% aly s :
gol i KI/12 and chrone by (NH4)2Ce(NOB) 6 based
sollQf73bnkhe epislapcevelns Rgo%? resHEOT YIS SRR R diffgrence AT can be

des&mggg,%ﬁbhﬁgﬁeq%taﬁbrpped by acetone and the second
['1thography step was perforned using I Omm thi ck

AZ4620R3#1K(¢(®ﬁe«$|A§D, The thick photoresi st vvas chosen (1)
to_serve as a masﬁlﬁfor sili.con etchin

whegg, Kot 189 e|r8ﬁstg{ YR 9at mlg '{empg{géq{etq%ébé A Itl?eematerlal Temperature

Coetfﬁ‘él&i‘trlﬁ%sﬁftantcg ETER). BAR pwdhfters RRE H&$vArPURMd Rasured data (see
|icon from being etche y the DRIE, the photoresist

Tab&l BoOpeathedeend yrduegorare palﬁlelgtedstheucams vostE deldoggd te ithresPCB so that
we &t iladt¥e trelr (RUMPpGInRctLe Etch (BOE) to

[0074] The thermal behavior of any system is described by the differential heat

balance equation:
HdAT/dt + GAT=AP , @)
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expose bare silicon and it was followed by DRI E (Bosch

process, cf. e.g. US patent 5498312). As the chip
wa@eo7hoet7hd nes were al so patterqjed, the DRI E prBpCESG62007/000047

produced indi vi dual chi ps and elimnated the need for

dicing of relatively ngl | e MEMS structures. The | ast )
whese dtisghe ﬁteérpak/@eamwéw Giigl the: themmab cendutngg obthe system, AT is the

ten%s{a)ﬂﬂg @lilaﬁ'x% ;{:11% ﬂg}e(a'ﬁai%s theadee éf di%?}?ag &%c};v%ﬁﬁﬁﬁﬁ fitLystem.

yi ng by nmeans rogen
a =l t4.0
D ar VAPt HANAS Bl ool themgd b aely' ?f%lometefs for
inﬁ]are«ikdetegtlomwaslpublweémmkml Br deg Bt Applied K’lﬁ&msa[cbdaters 2002, 80, 1838

- 146 S polpha Sy by IR 5 PRI R g tdentical testing

method w0 RSk The stidopiBd@evanatiozpethbOWRB fthréb external res1stors formed a
resistance val ye R_of a resistor versus tenperatur

balggced SV heptstoneTordgs- B%Wéééf’ei"’ie{?éd’}b?u}ée%?"htbl qrpigaps of 1ms and voltage
@%@5 OV with epétitibndA lse ) sdbgde Ris the resistor

alue at nom nal tenper and a is the nmateri al

Tenperat Asc Q@Riée‘ el twd‘i’lf anlﬂﬁﬁh(?é Bt Red E%d 1894As superposed onto

paraneters were derived fromthe nmeasured data (see

theTratlges The tigmeel chracikaneend efathgedevigsr s epd¢wlatpdtfeadn thderivative of
tem Iafaﬂﬁe \Gﬁ regr%cfﬁ); ﬁﬁjlet Phd {éﬁ‘l g §?ncfrg%% fiﬂg‘ﬁi Qlﬂt)%nt duei to the applied

asure e| r rmal ~‘par a
DChelitage sra fuﬁctmmwfsth&trfahmmiud‘eﬁm Gbettaimedtvates of H and G were verified
ifferential e(ﬁt bal ance .equati on;

dDl 7 = 2,
by f%h%‘F%s Pt 1 e i o p%f’é‘rs'ia% ée'® 8Wg ‘Jé ﬁbg)c tfell ‘measured and

calédedBkctE0A1duE tiaieal fratberssystiasd ildfabls 1.t he
tenperature change, t is time and DP is the change of
di ssi pat ed power within the system rnn7';1 Previ ousl \,

a pul $ S emtdradsistaderi ve t her mal par amet er 3200
bol om=t1%@mrf esis@é.&@é ed detection [was publ iié‘eﬁ
[aTaWw)

(|\buz| Annl i ar~| Dh\ICI cs—lette 2002

80, 183ensarsB6R Si nce bol onet erd exhi bill.3BEWE: or
siml ‘”Sé@&cf%éé?‘i’b%nﬁ [ dentl caI tegli l,@t hod

V\B.S u LITO Scns urtuvcli o VvV Al uul.l Un U UL LI P A T
t hree @?@'fﬁ% q{@?ﬁﬁ%%fforned a |bal an&gat}%rgﬁﬁtone
bri dgé. Uit has a@wrachc®y pul ses with dugasdedsiof | ns
SEFSZ"LPQ%ET thal e gonshint 1 S s

'tk
anpl i thidis IoElsrial o theenal pasgaistesy

e BCE Fhgrber. ¢ Hbvaiues
pul segverTpganmed Han sphpat ienwaeareb?s the device is
calculated fromthe derivative of tenperature with
respect to tinme. The er;)peratu .ease above

anbi ent due to the aﬂlﬁm SEAtHES bslt’flglj s a function of

th t ot d f
DI et Sty e TR Al g By g Soldered it to o
Prigted E1rouit Bbalﬁf(B@B) ubiig H/téghni e lsiniiba 36 FIgsl chipbonding. The solder formed

the electrical and mechanical connection between the PCR device and the PCB (see Fig. 2).

[0078] The apparatus was connected to the temperature control electronics (see Fig. 7)
as described below. The temperatures of the individual heaters was set approximately to 65
°C, 85 °C, and 94 °C and Infrared (IR) images at wavelengths from 8 to 12 pm were captured.
The camera temperature resolution was 0.1 K of the Noise Equivalent Temperature Difference
(see Fig. 6). As shown in Fig. 6, the temperature variation across the heaters is less than 1 °C

and thus the device is well-suited to perform e.g. a PCR operation.
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cal cul ated el ectrical and thermal paraneters are
listed in Table |I. Table |I : Electrical and thermal |

wo 200e0ee® of the PCR chanber .,,All val ues wer ePEESS2008000047
at an anbi ent tenperature of 23 C Tenperature
Di stribution [0077] In order to electrically and
mechani cal | y connect theCentrgl sxstemol dered it to a
Prl nted Circuit Board (PCB) using a techni que simlar

t o [0979-Eemnsraiunedabeye aphientds fepirelbedny madulatingcleefipgpower. We

hav@ngngggafgfeléé qill.ﬂ&ao@’n fit E\)ﬂﬂi? ﬁegﬁm\/g ngﬁggﬁev['t C&nABR an average
disstatatepdvest b:ycnodhdatlr@ﬂ;he rdatyu cya:lez ofipowér milses tsigmificamtly sherter than the

?&‘Eﬁ? ﬂescrl bed bel ow. The tenperatures of the
¢ eaters was set approxinately to 65 0C, 85

frgﬁq@]?@a S LR od s 'TROES iR IR FpvEW Data

AcquisipdiiiD Q) ¢ad cOntiolkedofrorh m@di@naecmpuwﬁ(mbt A value of a temperature
Tenperature Difference (see Fig. 6)

sengpr gthther ghipevay gsed Jor pathostd segdbak flwéeh gglﬁe?goppglo%al Integrated

Deﬁ\%ﬁ% (AN thefhodRfhst AYSethBReARY 'a@ﬁiei@ e heatdly, 18R H@imum current
forme. i a PCR operation. Control system]0079]

suppi@flpﬁmatthe abBEVW eaithio@hd-Ei is anbinBSu14 el cwyentoduriaty mef enough for

the R@?‘t H]a}?h %@ﬁ@\ﬂ%ﬁre@ﬁﬁlgpgﬁgfg?ﬁ%%ccgﬂfwg#gﬁg ﬁl%é%&d with the PCR chip

by ati msagnaece dirquitER 213 ¢oeratibhal Rectifiedying )cy mgl sphe¢)M®$FET/IGBT

drivg es SI |f|§551 Glgh%‘p horter?}%%ﬁ{r;aéltclagﬁ ste Zgyw%afrequency

ofﬁulﬁ@é smmo wm& Qapad)o FPHERING ICPIOR Thip. on (DAQ card
controlled froma Personal Computer (PC). A value of a

t erfpes1ft THeeteBHREMIre Henddietoghther Wath tuseflxddand odk aglpdtable resistor
feed%}é rmdeﬁwgghe Proportional | nt at ed ﬁrl vative
formesi & tsHwG e P RR e F‘Hmﬁetﬁ BW@ ~Brown, Inc.)
d1ffgﬂ3ﬁtlﬂ%ﬂﬂfi'& Gith raeﬁbzedsgéﬂpbf £l 1fs rdﬁ'fﬁdt %s lh%ﬁéﬂ Wﬁ‘@a‘b@ﬁew software by

14-E i's only 8. 5mA of current which is not enoug

the fS@Iinetqaéi RErhe hng Waeh icogfraltedddei IRed12lenPwr eemplste ﬂqlﬁématlc of one
s AERCEBFISESHt P EEABE P87 o of o

individma) chaandis phfospP€Rs l\tQSd%ElTéll GBT driver. Its output is
capabl e of supplying an electrical current as high as
| A[0A82h Ehef ap@qmemoyasocﬁalibmtstbm otenyeraturel@edision of dptitr than 0.5 °C.

ol RSk s R £ BB S STRF e v rorer

77. rlegsltsmpéraﬁmer ek ameaberad slbya r’tembéﬂadije seh§oss ODSip™ S(ISBAG, Watwill,

to an | NA143US r-Brown, Ing. o o
nlﬁie@e%fl 1prgfed Hith  Prestsioh éfﬁ&i iR e r@%@%ﬁ?ﬁﬂ 3o’C 9 100 °C, soldered
attmmhemgtﬁémqemh LabVi ew software by the sane
card as the one which controlled the IR 2121. The

CONPIS3] eTRCRpR Vakue® frodl 811 Ehahehndy weRdtdbd # PEBOLVIEW setup file
boar d is shown in Fig. 7. The conplete PCB consists of
andfysgq for the feedback measurement. The microscope glass cover slip was placed on the

PCR chip. A Virtual Reaction Chamber (VRC) with a volume of 1 pL and 5 pL of sample and

oil was dispensed above the heaters (see Fig. 1). The above procedure precisely verified the

F
sys L-C 11

temperature of the heater but not of the PCR sample itself which could be different. The
sample temperature was determined by melting curve analysis (Rutledge, R. G., Nucleid
Acids Research (Methods on-line) 2004, 32, el178), as described below. The sample

temperature was found to be two degrees lower than the temperature of the heater at 94 °C and
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i ndi vi dual channels to four PCRs in parallel. [0082]
The apparatus was calibrated to a tenperature

wee@cisiton of better than 0.5 43 The device caPChsEL00TN0047
was performed in a tenperature controlled bath filled
with Fluorinert(tnm) 77. Its tenperature was neasured

the petup Slpwpnearestedaneadioelysi c(tm) (1 ST-AG Watwill,
Switzerland) calibrated with a precision of 0.1 Cin

the range from50 0C to Idered at the PCB
next to the PCR devi ce %5@%?%5 % ut put val ues from
glnlo[OB{P T %?ﬁfg&lfb{ r%&é)d’u?éjvdas %rfloﬁatfvdTEN En Vi Iflﬂ Yalues of the

nmeasur énen croscope
ConngSISanﬁW@'l‘to abhwvewaﬁstﬂi@ﬂﬁgi re3porise eviRIERhe boqling Aateiwas uﬂatermlned by

eactj on Chanber (VRC ith a volu
the GRer0a} e CARa Al ST g s St Ao (b AEghal bt gigrs listed in
Tablfé Bit id kxpebhR tARAAUE dBFIOS EsHIE tRnESioRR] He ¥&lvebd 6k ddiBtwo seconds as
tenperature of the heater but not of the PCR sa

l e
the jtergperptugim ick#ngeolive e °@itp for datis abpet &dapfethe terggeramre difference

betx%r%q'p?/i a&%ﬁ%@%e&%hﬁ%{%ﬁggr&g?f &g'sdgg r’ﬁﬁ{ m@;@l\&{ He system a fast

coohng kite byt\m@@ox@é to e401<7s8‘) gready dmdmgdmb toguicad mibimal rate of -5Ks™.

T TR N N T —_—

°C)§E5 sqeohdd for wiksealifg (55CI) @nd 80 SEcdinAg ot clohlgatidinl72Cgyg.l i ng
[0084] The self-calibration procedure was perfornmed to

optim ze PID val ues ofhidiescenéd Dedeesién i n order to
achieve a fast heating response while the cooling rate

waqJ008s] eAImBRdr}b]famm evithhe HEC &icieticddstaivh aubd was employed that

sur r oundi er at.ur omthe_t pa ers
corfePRarHe o thp SHREET used Sadios (OEREHEH: Pride ef Fe AT) h Acta, 2003, 50,
337c08k4NGady, e chethid ffskstane et@As s FNACHMIcHE 2008]S 095332 — 341),
t he terrperature change from94 OCto 55 Cis about 56%

Wlﬂé)fth‘? Hlloresagnee aesnoase deteeted e a ihofe AMulgpligClaled (PMT) (Hamamatsu
HS%M@%%H @gga}ne@ﬁ Aot §le)ﬁ B BER ¢ QJS\EJK% V@H&eﬁ 1191 %[%s Z%@s Axiotech

syst cooling rate between -
Vargr a‘acﬂoycma‘e@ditﬂgom lae opticalitalld. Theiwinale massurapfient SBlgp was covered

w1th a h 2 & gclloe[}é hirt Rxgi%IR F ! m%ralqaﬁé % R Ofolulng %g&gﬁ%’\pgq gnégg% ﬁ}besPMT in order
to 1f1(‘1‘éas'tl”the a»buag detebtiés) limtd AROoselvecut®e thedsuekiangdatired tHePalue of the

C | uor.escence Detection [0085] A nercury lanmp with
PM&S)ﬁ“f’Ea‘é‘ ‘&tl on/ detection cube was enpl oyed t hat

corresponded to the systens used earlier (Dasgupta, P.

K., et al., Anal. Chi M Apparatus?PéeingS00, 337 - 364

Cady, N. C, et al., Sensors and Actuators B:

Chemi cal , 2005, 107, @3Burfadéprepavatibnt he fl uorescence
response detected by a Photo Miultiplier Tube (PM)

( Hyo®89]t Ab debefiBdd B9Y)Gutehnberighe. gla{labsEliip] DO(EDGU805X-1317), the glass

4, The chi p was pl d under a Zeiss ot ech
Surf%@ﬁ foahlm @%Es“é’é g%ﬁY@ﬁplzmlfoﬁwﬁﬁs Qlgghobiorhe
Wh%(?S‘ﬁE ggvléllr'a? rﬁeﬂ'gre ehugnr\ll\ggd Y veer soqu‘uons and preparation methods were

tested. The subsequently selected coating consisted of cleaning the glass in a 3:1 H,SO4/H,0;

mixture, followed by a DI water wash. The glass was then placed in a vacuum oven (YES-15E
by Yield Engineering, Inc.) at room temperature together with a beaker containing 1 mL of a
silane [(heptadecafluoro-1,1,2,2-tetrahydrodecyl) trimethoxysilane] by Gelest, Inc. The oven

was then evacuated to reach a residual pressure of below 1 Torr and the oven temperature was
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with a black cloth in order to suppress the anount of
anbient light entering the PMI in order to increase
we b@7opt7ecal detection limt. /An oscill oscope PEHSGL8T000047
and stored the value of the PMI signal anplitude.
aratus Testing (a) Surface aration [0086] As
rals@éée APBeE whil @Wm@mewgs gqntingp (Sgg@emsr)vapzo@@l amg] reggigd with the

glags sgi]fza tfté‘? Zgé @\,\Sig)ﬂl a;ﬁﬁﬁ %WE@?(OM{?@O %%% i alextltgd B&th nitrogen

anddglﬁs‘.serlldnst Wﬁteummcwatl érbns theaonens Beslisafsueiace treapenbawemnverified by

the FRNAT el b SaE ot PRSIV Mol GEATD FR8 Y Bataphysics

Gy ! Theecontaet higpie of Hyvater Blopl@ e l\l\aﬂbgreé'sf‘iﬁhﬂé a8findkalSoil (Sigma Inc.)
éﬁ? Hw&eaced in a yacyum oven (YES-1 5E by Yield
dropigt, ¢aniast apgle of 7Q degregsm t enperature together with a
beaker containing 1 rrL of a silane

[ (hept adecaf | uoro-1, S?a*ni grwhﬁgﬁcyl )

trimet hoxysil ane] by Iest The oven was then

evgom] efls taOre§teddhicla 94ﬂﬁteﬁﬂﬂ’dte REFISS %T% @68 B&de%nlrlﬁzgfhém (Maxim

thé oven terrperature wasrai sed to

Biogaehpingg afdbe eent enrgding for human ﬁb@emaqi@@hyzle@ -phegphate dehydrogenase
(G,Ati@gﬁz) GRrdMidel. Sh@T@A %@T@&TG%@&AC?GA% ZSE@tLi?])SNO 1) was used

unmpl Ng was st oppe e oven was vente
as mi faregein panctr gamsks $’ -QT@B&CMGQ@W@T GAGBAGS’ o3& ID No: 2;
f t t t fied b
Ressantl il e AR Retr SRS RER Rinhis™Soeteiie dnya50 1l stock

solﬁﬁbﬁ asord@"glﬁmehae@ayanayﬁm&cw@agaﬁ IaeNtvaied t\'ﬁ@ @keplibns: SYBR
ter ro nera

oi |

Grqes 858: fncsrw utge do agr@aﬁpwngﬁt&rbn%# 19¢)00 and bovine serum
albBBG €A Rcft@)ln@?%’s 8ddIdqR A Rkl DhctARBRh A3op test

vehicle, 940 tenplate copies of a 208 base pair

fragnment (Maxi m Bi ot ech Inc.) of the gene encodi ng

for human gl yceri nal (RMReaktimeREBIRsUYS dehydr ogenase

(GAPDI?] were used. 5'-CTCATTTCCTGGTATGACAACGA- S' (SE? .

| D IA@89] 1Vhe,BER, stegk selufior grepared py Apssribgh@bove was divided into two

) sFECTARNETARCIEREEEICSS, 5 MRl g A S

themyplﬁeﬁw Egseancla 160) ad a setfol@n% @oubothmmnmmrtheﬁ@adtmxture was

t n e I
co@%ge 3 gn gif %%‘E%léﬂ éﬁ%@? n@llb rgféeer%no c%li(;hg) é’&ldlho S \Were, as follows: 5
mirtutesaatf DAAIC c(nnnﬁnﬂeraaturamng)f fdlloked0 66 ﬁmd:ybkevl crfelsmlmm at 94 °C
al bum

(demathe), Leomtent shyC Monbelia) asd fanisuls sh2 {8 Lestengion) with a final

stepl BE 1 P@Rnsled Gk 73 @@b@mnﬁmwﬁérqﬁeﬁsal descof PRI ERQYEleRSonger than
divided into two parts, where 1 m was used for the

normeR KW gy ehritl assiees thaaihe guvtemasachsn tharmah eqslibaim;asf ghe enzymatic
reagfeﬁrlmg gire?érge %%%Pfa%ﬁ %férgh Thfsrlg n)or@‘ﬁnaoﬁﬁft & € PoinF BF time than the

exp m xture was
optimization of each step to render the PCR system fast.

[0090] For melting curve analysis (Rutledge, R. G., supra) the sample was cooled
down to 65 °C for 1 minute after Whicﬁ the temperature was continuously raised to 95 °C with
a heating rate of 0.01Ks™. During the operation, both the fluorescence signal (see Fig. 9, Fig.
10) as well as the temperature sensor value was recorded simultaneously. The next step was
the calculation of an average value of the fluorescence signal during the end of the extension

phase at 72 °C. In order to extract the fluorescence output signal from the PCR cycles, a short
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covered by 5 nL of mneral oil (Sigma, Inc.).

Thernocycling conditions were as follows: 5 mnutes at
WQ2000@47uni ti al denaturating),,4ollowed by 50 RPYTBE€x0TH00047

1 minute at 94 C (denaturating), 1 mnute at 58 C

(annealing) and 1 mnute at 72 C (extension) with a
prograih Was pegparsd usingF piitaas The prosran iopy l?ﬁfﬁl}?férsp‘éfﬁre the centre of the

i B8 WS 8 0 B8 Bl kAt A BOA o o s o

intezepls.| Ther prograan dlemhaa/eaergegl rthe |srgnabﬁom the mterw rand edseatiated it with a
ur i C ep., Thi,sS i S nore . orta at .thi s point .
oyl efits S 1 3D Rletas, i bheranceh s, ABeu! Ry e aliBiebtence signal
at 44heC B@Hﬁo@&atbgrthé aédond[aQ@QxD]n F@r 9)1131 bﬂd@ﬂtcﬁdlﬁt‘dﬁl 2B@elifié Signal to be

Rut | edge supra) .t cool ed down to

subgygetediog ’fhf Prﬁilﬁ P rsf fal alh?% thrrﬁaets 4k @ selayas approximated
Wltﬁg@{gg{w@mcﬁ()lg .aised to 95 OC with a heating rate of
0. 0TKs During the operation, both the fluorescence
10) as well as the
tenperature gen . +eborded simultangausl y
The next step é{g§ dat duljati on of an average val ue
of the fluoresc L n‘@,I uring the end of the
ext ensi on phase at 72 In‘order to extract the
whérk Ul &s eevemalitafivh csm@mé pafagitdrhg répebiefitsth€Reation of the inflexion

.Shor ogram was prepared using Fortran The program
PO”P %&3@&&9@2@ PR Flone aHBRPORIL t he first data
flrt arrow in th of the
ﬁﬁ&fﬁfﬁwﬁ tachl WS B riGH ifﬁq%w\ﬁ.ﬂngentfgﬁﬁ@nb o6 jraRate copies

varieb Fon2 Y@ LAESEnd MEl1iSHh I0ALulhied 'ﬁaﬁa’?&téré‘ bek ﬁleregﬂgtted versus the number
associated it with a cycle nunber for a cycl es.

oftmnalaseaﬁbowsélwwa SW@éalidenyé‘éﬁt(é@F Figr 1%, iFée-filor escence

ginal at 94 C (indicated by the second arrow in Fig.
PPP24 tie indicptehabonve, aftedbamabeyelingnef thed (R device a melting curve

ﬁ}éﬁt(FB&ﬁﬁde rP%ﬁé hey. Pﬁ% 8 § 1§'79r1 | 23§3h7§76;1 \i;hﬁtanng, S., Bader,

subtracted data 3et Wwas a roxi mat’e
A.Lf uﬂ’éBloanolequﬂ@chAmueMO@ﬂelﬁdrOﬂ&r L Yiatliyon, Eomtahnehmcal Chemistry,

2000 aﬁ‘fc‘r@téteBSQSO .f gér?osr%réh 1{1}92&3& ltcg) 8%};%11@ g%eeltﬂg} y toﬁf l ef‘bﬁrtcf. Fig. 13).

signal (see Fig. 9, Figg.

oi it rmnes
Thq)ﬂ]ldiéscer[ldé&%hl Wheagprbkiptacdddsod medified sigmaiddl fahidtioar ent

concentrations Iof_;erypl ate copies varied from10 up to
one mllion. l.gul atied eyreters of XO were plotted
versus the nu 2 a"ﬁmmxéh@ﬁng t he PCR4)
standard curve ise‘% i§ "4, Fig. 12) [0092] As

i ndi cat ed above r tperrmal cycling of the PCR
device a nelti ng curv anal y5|s (Fl xrran M Freire, J.

th‘é%é@Bl D8z ISt vel e B o vee%qpnﬁ s S0
47 fodoat 11]@5@“%&%‘%%1}%@8 n sfpalieonds Bl et s feaited data and

the ﬁuﬁng )cuﬂffe @mlﬁgFthétcﬂ}erthsg on1$:3<)ne FUR fn‘ddﬁéteﬁz@tﬁn& @imited amount of

nal _was appr.oxi mat ed a nodified si
byprjﬁ]ﬁSl Ghe Dy od pmﬂuctsmas prV%thlaw s rgsplige |ca1a§a1>x derdrophoresis (see

Flghﬂ\;e identical functions as in Eq. (3). [0093] The
fitting error shows only a small difference between
t he nmeasured data and
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Clafih

the fitting curve, showing that there is only one PCR
product with a limted anount of byproducts. The

w@erogs7ef products was proven, by the resul ts BET/SG2007/000047

capillary el ectrophoresis (see Fig. 14).Clains Wuat is

gimed is: 1. An apparatus for regulating the
ehperature of a chem cal and/or biological sanple,

conprising at |east one tenperature control nodule,

Whaieckimedst d t enperature control nodul e conprises a

heater, a conductor of caloric, and a tenperature

o ARiAEHES 10 Fogu g, 56 AmRerais ot A LeB B Pidlpgical sample,

ChRefipfiding 3N dERE oh alnastiraale SRRl ErddBlP RS s¥itldemPerature control
conductor of caloric, wherein said tenperature sensor

i snethidegcaniprises ddeaer a gonfivctmtof oilotipent ertpraperpiyresapfor,

sai,d substrate via the conductor of calori.c, and

ottt S8 G i aPap i o BREI orbmuiRn i Bfoyable substrate, on
SWRHER 8@ chémiShltanalop 8icdbaya sedple i§ SIARAY, }lalhe c&biod bf caloric,
nodul e to entirely cover said teqrqré)er ature control

nodheren said temperapipasaasersis aflapipdineetect apd centrpl dhg tpmperature of said

h ' t is arranged
eggfés‘n%{%te;ﬁ%ﬁép%ﬁyagﬁsﬁ%%tﬁé%ane of said substrate,

orwheliéifi sajd apparatus tibadesighed rsatie thdtesaidspberates iplshaated above said
3. The apparatus qf claim1l or clajm 2, wherein saidd

s deapFraREngRtobmodule e Frfitely gexer jaid ieppsirig control module.

essentially parallel to the plane of said substrate,

. prh\.%!ﬂéé)‘iogrpa%,lls‘agf cﬂlﬁmt ﬂewls?/&g t%: ?%l%r%tgﬁ c?%ﬁﬁ%e% Vé] Sulth RCHd: (1]5 arranged

par at us of ’an erein sal
hesdentialin Paratieldtosthn Shaneesicdaid outiatee oa which atame of the substrate the
arranged |n conmon pl ane, wherein said plane is
eS8ER qlél’]ra&e‘ﬁar allel to the plane of said substrate,
on which plane of the substrate the sanple is placed.

. g r’}[‘é{g A g@ﬁ%r S YUSin? f1 &r' 351“1 ?i’ g%l%ﬁf? .Lraﬂcé %@ﬁé&r tcgﬁl&)g?%]f &'Surface that is

Sensor are concen appar at
Clamiang&l ewsentialyn padalelhatier phue rafusadd substraseaomwhich plane of the
The, appar at us of, Eﬁgge of claims 1 to 6, wherein said
c SHbRiRfDthe §FmplgigPlreede onpri ses a material sel ect ed

fromthe group consisting of a netal, a sem conductor,

.a Iq{eaagﬁ{l}ggs %_‘nggﬂ; 8P AU S HRAGN 9?13 l(lziIaétgxr ﬁﬂ%aitdose]??or each comprise

conpo apparatus of any o al ms
c anqurfas¢ agamded| inastonimon plampewhérsmesacbplanols essehtladly parallel to the

b B R A RS

apparatus of claim8, wherein the at |east two

R %‘H&%gg%%@ o 8Rih 9! whBd &sh W{ef enEeReRop Ffr]re;d'aﬁ@entric.

arran I'n a commbn pl ane,
parallel to the plane of
The apparatus of claim 5, wherein the heater surrounds the sensor.

IS essentla

The apparatus of any of claims 1 to 6, wherein said conductor of caloric comprises a
material selected from the group consisting of a metal, a semiconductor, a diamond, a

carbon nanotube and a fullerene compound.
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said substrate, on which plane of the substrate the
sanple is placed. 10. The apparatus of claim?9,
wob@red4146ai d two tenperature %c7ont rol nodul es BEESG2007/000047
opposi ng each other in said plane that is essentially
p I I : ' rat e j.C
8PP AT, b Gnl o it £, SRRy 18 Wl Rpperature control
appaduddsy svhefeic [tlad at fk@st teonempsiahge toontrplaimodule$ are thermally isolated
tenperature control nodul es, wherein the two
tef%’é%‘i Beeontrol nodul es of each pair are opposing
each other in said plane that is essentially parall el
t . S ' .
9. (R PoRat e Sl SnBAEHE 3 fast 30 h B NROR] mbffles comprise
cleachma Surfacemquranged th & c@hmoalpldng, whichdgpsveatiallyepaaaitdl t@the plane of
nmodul es.. 13. The apparatys of claim 12, wherein each
t éﬁﬂeﬁuﬁfttﬂt% cBIRBFop TG AL ATE spostraiedhetppleisplpetded from
every ot her tenperature control nodule. 14. A nethod
ofmr.e [N e t 1.C .
10. 5 THGHBR A ciith DERRELR G o (S BT Mtcs are opposing
f aach egier dh isaig plage tlesie esdentialyoparallelhwnihe glar@nolf said substrate, on
bi ol.ogi cal npl e, said apparatus conprising at |east
orfehielbplgag af (e aubssiata bF SHOREIDAHer o/ n sai o

tenperature control nodul e conprises a heater, a

11. CORAUGE L2100 oggélzﬁ{ﬂ. 90 %&ggﬂ%iég %r ?%ﬂg of Stglﬁﬁgrrature control modules,

wherel it sai d ater 1's adap er nal

c orivan¢in ¢hé ewatérhperatiesrootatol enclubsstafodaeh palt atbiopposidd dach other in
chem cal and/or bial ogi cal sanple is placed, via the

A Rns el eaeatinlly Dl & freapiang Ueriderhetmie Wewligh plane of the

| SuBdaRt 8d < g.qggﬁge(gnd control the tenperature of
sai d substratg via the conductor of caloric, and

wherein said apparatus is designed such that said
12. s Ulthstappiratus ©f slaim &t ecnpgrixinvea glarality efiearpetature contdlrmbdules.
nodul e to entirely cover said tenperature control
nmodul e providing .a tenperature value for heating said
13. c Hhei #neradpsd Pb relaimo |l dgvbateins sagh demperayeq, copfeplt wedule is thermally

! SIAER LRy SRbCeAAOANRL Q5uilli iR © by Means of
sal r,

tenperature sens applyrng heat to said
conductor of caloric as long as the neasured
14.t exeethdbdiref repubgingWhehemipeavirdest teoimiiadluasd/vialbitdogical sample,
t hereby, heating said substrate and said cheni cal
arf@MpFis¥Heol ogi cal sanple. 15. The nethod of clai m 14,

‘é‘g‘e Ir%:vglélzgﬁﬁ agﬂﬁmdﬁ iﬁg rgg\.gét?{é fk %rﬁﬁé.r%ke S Bh&nicsl and/or biological
sample, said apparatus comprising at least one temperature control module, wherein
said temperature control module comprises a heater, a conductor of caloric, and a
temperature sensor,
wherein said heater is adapted to thermally communicate with a removable substrate,
on which said chemical and/or biological sample is placed, via the conductor of
caloric,
wherein said temperature sensor is adapted to detect and control the temperature of
said substrate via the conductor of caloric, and

wherein said apparatus is designed such that said substrate is situated above said

temperature control module to entirely cover said temperature control module
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16. The nmethod of claim 14 or claim15, wherein said
apparatus for regulating the tenperature of a chem cal

waew/o94784 ol ogi cal sanpl e conpjd sing at | east PEISG2007/000047

tenperature control nodul es, erein the at |east two

te con : . i .
fr oriroautes E8Rk:fho PRAL kT oRL PO iR Bifihica sample,
ane nnedbwringuihe tdrepgransdt of @id edndactos of caluric ég rieans of said temperature
heati ng the chem cal and/or biological sanple at each

t enp€PEure control nodule, and wherein the

L eam Rea®lto lsR1 e&{ag i62sOlohg 1f i
terrpgpggﬂl% eeaco%tsr ol no g']%{é%?scgl;cr)gasjr edgi nchhgﬁig S?ﬁe‘f/ tglg/lperature s
neanslof thaimovidaphaesparntirs erebue; thérebp divatiegpmaidatsulbsirate and said
control .nmodul,e,,.and. wherei.n heat is applied to the
cono@@%ﬁr}i?@?‘i/%mgﬁ’lgtc\g@?an@ﬂ%h tenperature control

nodul e as long as the neasured tenperature is bel ow

15.1 MEnPhENbE S cILBNRE PhatEiR 4Rl di

16.. oﬂ%ﬁ msthod o

substrate and sai d chem ca aﬁﬁ}%rg‘%‘?%g?’%g{ap%é‘?@?g comprised in

i nalliquididedpleg. 18. The nethod of any of clains 14 to
17, wherein providing an apparatus for regulating the
t enper at ure gf a chem cal .and/or biol ogjcal sanmp

|l e )
Rl figo ks { Patvdereinyiseido appratyn;far regulating the
s :
 REpbl A PP LR ARCIATAARRARAL Lyl a4 mprr
¢ heamirohinodnids,owhérienl tgi atdkass awpltempanatire dbsipalsinnduleniack thermally
cher? i ol ogi cal sanple onto said substrate.

1 cal. and/ or b
1d§oﬁg%%go&er'any of clains 14 to 18, wherein the
sanple is selected fromthe group consisting of a soil

17.5 2R Rethdd o PElhint REPV ereid An SAUVIIAN TR &att e YRLE 'sl fro¥i8bd for heating

18.

19.

culture sanple, a bone marrow sanple, a rain af
s athp klesmigalfaatlioo biolegiogd Isempls a¢ panhdermperptues control module, and

e R3O PRl oafe i oo mocut
S aifPhéasuredf AR iGEANP! By nieald QFkafP MMhRoratdreS S6db? SRTREIE temperature
a plasma sanple, a urine sanple, a stool sanple, a

setpatrokmpgile and | ynphatic fluid sanple, a

Ce&lﬁ%@lﬁ%@!ﬁt‘]?'&l glleldltg IR %hﬁcto@o@?&&%@%&&%n \é@a%l!i} contrgl module as

sanple, a spurt’ um san‘pﬁ e, a nouth swab sanp é’, 2 P oat

|SV‘labg @t alaeaéurﬁagathlp&\aﬁbel sabplow, tie ﬁfoﬁ)ﬂiéfi(lahl‘peﬁh?i value, thereby
vage sample, a bronchial ,secretion sa e, .a m.l,

AR R A e S R S

nail sanple, a hair sanple, a skin sanple, a cancer

S 1€, t] . .

o oG bEFRASC SO 21027, WAZHE BTN orfhof Bltus forregulating the

a tbmpemsire oSadindcalandion btddicid saapiplcompais¢sosocom al

infectign sanple, a production sanple, a drug
pr &PV HIRSHSESHARe, a bi ol ogi cal nol ecul e production

SadRlisPosify BAiAlsBbraRe SRReaal®Rmperature control module, such that it entirely

covers the same, °

e providing a chemical and/or biological sample, and

e disposing said chemical and/or biological sample onto said substrate.

The method of any of claims 14 to 18, wherein the sample is selected from the group
consisting of a soil sample, an air sample, an environmental sample, a cell culture

sample, a bone marrow sample, a rainfall sample, a fallout sample, a space sample, an
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sanple, a lipid preparation sanple, a carbohydrate
preparation sanple, a solution of a nucleotide, a

wa@ odoany4om of pol ynucl eot i de, sol uti on of a neRECI/RGI07/000047

20.

21.

acid asolution of a peptid€, a solution of a

pOI Ly d Mp&g %loq%%yltag%ﬁa?%?lg,na g{’pﬁ{ﬂﬁ gvtafeé ganéflesﬁl %r%ﬁ@n sample, an
Seﬁ‘l:ﬁgebﬁﬁlcﬁf sadnphé %%&!szﬁﬁﬁle COBIBES k516, a R lsa:thplena plasma sample,
an organic ch m cal osi tion, asolutlon of an

Iman‘glansmnldh,em stapl @@mp i 2 smenasayaplas idofyraphagic| fipidg sample, a

a lutl %T }‘P& Ché?ﬂ’g bo%d%}% ﬁ%g?ga@%&ugggﬁyg , oFﬁlmlgr sample, a mouth

Cs%mﬂ)' shalfte PHQGH Swatd s&Aplel b Qasalf sveabdsaneplemd émﬂohoalaeolar lavage
sol ution of a drug netabolite, a suspension, . of el |

asampé?; arhspeshial fseeretjon spmple, asmdl saEPIsnapFmRIotic fluld Sample, a biopsy
5 MG af;}' 1€ g%&%}gu feoQ slgfl st ?Ic?ngﬁr %ﬁiﬁ@rhsﬂu%ur sample, a
Cipdhe @&hplé[l atd%ﬂrsaﬁfple %cell]'ﬂ]ﬁammdnqﬂe of vany colturel sam@e a forensic
14 to 19, wherein heating the chemn cal alnd/
oot B APIeS R, i PARROTRg iR SRS REARgign sample, a drug

oCal
o 25401 BB, oPIARRE e AR PRl 1 i msorepuation

aimln;ﬂhea tipieinprepdrataomdsaompl i otabelgalratp mmp@sﬁglonssa@ple a solution of a

nmer.ase chain rea
nuc eotide, a solution of po(l:ynucﬂeotlde a solution of a nucleic acid, a solution of a

peptide, a solution of a polypeptide, a solution of an amino acid, a solution of a protein,
a solution of a synthetic polymer, a solution of a biochemical composition, a solution of
an organic chemical composition, a solution of an inorganic chemical composition, a
solution of a lipid, a solution of a carbohydrate, a solution of a combinatory chemistry
product, a solution of a drug candidate molecule, a solution of a drug molecule, a
solution of a drug metabolite, a suspension of a cell, a suspension of a virus, a
suspension of a microorganism, a suspension of a metal, a suspension of metal alloy, a

solution of a metal ion, and any combination thereof.

The method of any of claims 14 to 19, wherein heating the chemical and/or biological

sample includes carrying out a chemical and/or biological process.

The method of claim 20, wherein the sample includes a nucleic acid molecule and the

chemical and/or biological process is a polymerase chain reaction.



