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WD 2004/ 085134 PCT/ SG2004/ 000067 P100409 1 SHALLOW
MULTI - WELL PLASTIC CHI P FOR THERVAL MULTI PLEXI NG 5
wOhei4DsEB4 THE | NVENTI ON The invention rel ates PaTiSER004/000067
Pi@doeral field of sinultaneously heating nultiple
m cro-specinmens with particular reference to
pol ynerase chain reactions. 10 BACKGROUND OF THE
I NVENTI ON The pol ynerase chgin reaction (PCR) is a
wi dely used technique in biology. Conventional PCR
ﬁy? LG MULSIWEBL PlAQh@SéﬁFp RO TRAERMAL MUITIPLEXING
astl c plates hous tiple tubes that serve as
reactl on chanbers and are placed on the 15 hot plates
for thermal cycli |s very sl ow
due to the |l arge r@%hﬁ%@ﬁ%@@@t‘ as the thick
walls of the plastic tubes. Only a si ngle pr ot ocol
can_pe erforrre e i e, Vi ; :
gendhadn iewﬁs@%“@%@Léﬁer%ﬁ'eﬁaép%fﬁﬁﬁaﬁ%o&aﬂﬁér%im.g ruliple
I ndependent ontro ortant, advantage of
migFOrRRCIN SR HIpERTIEUlaf %@f%ﬁ@éﬁ 90%1%%9 el FERR
that quick and accurate thermal cycling can be readily
achieved, with very snmall sanple vol une consunpti on,
by using ni cr o BACKEGBOWND @Ffs THE| INVEBSEIODE t he
recently devel oped m cro-PCR equi pnent has been
fabricated using mcroelectronic techniques which are
i n Whd goiymeerdsechainoreactien (RGI) isca widelyused teahnigyeandiology.
circuits (1Cs) for sem conductor and
Cofiveriorell CR instuinaenits ebngistEdi})lastioyglatessandbeicplates. The plastic
chanber, heat sources, and tenperature sensors are
pletéd AisH ﬁﬂlltl[ﬂ@tlﬂ)eslthaWVQ absbaction oiizinuierb and exe gldcedton the
t hermal properties.

hot plates for thermal cycling. PCR amplification is very slow due to the large
sample volumes as well as the thick walls of the plastic tubes. Only a single protocol
can be performed each time. Development of a new generation PCR has focused

on rapid, multi-chamber, independent control PCR.

An important advantage of miniaturized PCR is fast speed. It has been
shown that quick and accurate thermal cycling can be readily achieved, with very
small sample volume consumption, by using micro-PCR techniques [1]. Most of the
recently developed micro-PCR equipment has been fabricated using
microelectronic techniques which are in widespread use for the manufacture of
integrated circuits (ICs) for semiconductor and micro-eleciromechanical (MEMS)
systemns. Reaction chamber, heat sources, and temperature sensors are integrated

on a silicon subsirate which has excellent thermal properties.
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WD 2004/ 085134 PCT/ SG2004/ 000067 P100409 2 However,

due to the high grade materials and sophisticated
wonrom@ssizmg that are involved, m cro-PCR equi paeSG2@#/000067
P100¥0S type tends to be expensive, naking it unsuitable

for use in environments, such as bi onedi cal

applications, in which a disposable chip is usually

required. 5 Baier [2] has shown that a | ow cost

mul ti - chanber thermal cycler, using the sane thernal

pr oHavver, uestotlthe high grlddecmaterlaleraridesoiﬁmicatwobrocessmg that

Pl astics have been 1 nvesti gated for use in disposable

ardTirflofredChhiclal CR @édlplﬁénf‘él‘/ﬂusoﬂ)pé bAds 16 PerdMensive, making it
conductivity compared to silicon which mght result in

un@u@b@éﬂ’f&hﬁé% én@ﬁ@ﬁl’ﬂé aggc diﬁ@ﬁ\%db%ﬁﬁﬁf)ﬁé@lﬁbﬁs IPOWhICh a

ormt uItrat mul t1 -

d@?ﬁ%@%@fﬂgﬁﬂg P ?Sécébbﬁ)d By rety sy and

delay through the wall efficiently but use of a
tube-like (V) shape for the chanber itself 15

om BRI KRR SUPGR ToAhaH OV RAch PR RBFT BEAMBLOIY dsing the

the tube approach is evap oratlvelossfromthe nﬁ
sagetheemelero Ressikje '%lSF'CP'Pr gaRebe gsuelopgd e&laﬁ*fwse @ye been
_this type of structure is schematically illustrated
investigated fon uge 4m dlisposabliganiere=PER, 1bus plastigs haygsordy dair #rermal
of part of FIG 1 a. FIG 1 a shows an array of tube
cohduialivitg comparext to silicorawhick mightsesulk irag slomothermakegspagse and
block 11. As seen in FIG 1 b, each tube hol der all ows
poar ttingyevaiabd aniferanify. e t ube 13 to be kept in position
close to heater 11.

An ultra thin-walled multi-well plate for thermal cycling has been described
by Tretiakov and Saluz [3]. The thin wall (30-50 um) reduced the thermal delay
through the wall efficiently but use of a tube-like (V) shape for the chamber itself
increased the thermal delay, thick samples being the dominant source of this
delay. Another drawback of the tube approach is evaporative loss from the sample
due to the presence of air in the tube. An example of this type of structure is
schematically illustrated in FIGs. 1a and 1b where FIG. 1b is a cross-section of part
of FIG. 1a. FIG. 1a shows an array of tube holders 12 distributed over the surface
of heating block 11. As seen in FIG. 1b, each tube holder allows a disposable

sample tube 13 to be kept in position close to heater 11.

In designs such as that shown in FIG. 1b, PCR speed is limited by the heat

block ramping rate and the thermal diffusion delay time through the plastic wall as
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I n designs such as that showmn in FIG 1 b, PCR speed

is limted by the heat block ranping rate and the
wohewroas13di f f usi on del ay tine through the pl asPCT/SGad/000067
P1864000 2004/ 085134 PCT/ SG2004/ 000067 P100409 3 wel |

as the sanple itself. A simlar approach has been

described by Icke et al. [4]. The air gap is

mniaturized with an appropg’ ate large thernmal contact
using a U shaped chanber Keefe at al. disclose a

wéﬂﬁﬁ Ehfi@ﬂﬁalﬁﬁtselfal\%mﬂw &hRéach had Bé‘éﬁf dekeriied by Icke et al. [4].

sanple without any air [5]. However, said

T&Q?F{Q‘?g tsSminiBRIedP Withh %Eﬁ%bruﬁ@@r@@ tﬁé%alsﬁﬁhé.d‘!%smg al

reaction questiona Is“suitable for

sa I t t r.u n
AR GREFGr L @%@Sé‘ea S EngpRr e qphsre cech
esi [ or, a sin !
chamk&% : i oft'@wsassa%wﬁ% '@18&? 30y e BLINEPEars epio shprber is
that is 10 well use as nul ti pl exj
opeRc iy sliesemaRRPaIRD Hihe RoRRRTCASaToRERRD bl suabl
an obj ect of at | east one enbodi ment of tg m@reaf
for semma GANGENY 1IheF AT ETUSE §508 J5PEINN S0RIDSEN{ R MEplerred
use in performng nultiple sinultaneous ol ynmer ase
apriieation efdmth thesabovediasignsds far@ sipgleqarologdst one
enbodi ment of the present invention has been to
provide a process for effectively using said
di sposabl e plastic chip. 20 These objects have been

achi e gresent imvenhtion sisctbsds sptmalcbst dispesate qiiagiic chip that is
through a sinple deformation process wherein one or

wBPEGitdel s Lis€ as BaRlIGplekidg thermal cycler.

SUMMARY OF THE INVENTION

It has been an object of at least one embodiment of the present invention to
provide a disposable plastic chip for use in performing multiple simultaneous

polymerase chain reactions.

Another object of at least one embodiment of the present invention has

been to provide a process for effectively using said disposable plastic chip.

These objects have been achieved by forming said disposable plastic chip
through a simple deformation process wherein one or more plastic sheets are
caused, through hydrostatic pressure, to conform to the surface of a suitable mold.

After a given disposable chip has been filled with liquid samples, it is brought into
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caused, through hydrostatic pressure, to conformto

the surface of a suitable nold. After a given
wdizeassiske chip has been filled with |iquid saapiSes)04/000067
P10040% brought into WO 2004/ 085134 PCT/ S&004/ 000067

P100409 4 close contact wth an array of heating

bl ocks that seals each sanple within its own chanber,

all ow ng each sample to thengbe heat treated as

desired. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIGs. 1

cldsedéshtdetwitt arvairaRiof hbBtind biogks Hat sefls@ach sampie Pithh its own
view of the disposable plastic chip disclosed in the

] aTsl bSi 1 jon taken
RS Tooui SAREMAR joheh bF Pl e B e i et
wherei n each chanber rests on a heating 15 bl ock but
are not heated from above. FIG 5 illustr t& a second
embodi ment  WREHER IPRSCRIHEEF T CRANNCRea:
si nk/ source and is heated from above by a heating
Fltisot& and 1Blikusirae taedprioria. ust rate t he process used to
manuf acture the di sposable plastic chip. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The present invention
Fidi. 2 astan dewdf the dishbsaiblaplastic chipdisclbsathinithe present
_optimzed 25 for thermal performance and with a
INygniiofi ¢ manifold for thermal cycling. Mre
specifically, it concerns a thin and shall ow
multi-well chip with depth of not nore than 0.5 nm A
Flgi. Bda asuiogs-gsation taken thyough FIG.2s chanmber, forming, in

- effect, athin film

FIG. 4 illustrates a first embodiment wherein each chamber rests on a heating
block but are not heated from above.

FIG.5 illustrates a second embodiment wherein each chamber rests on a heat
sink/source and is heated from above by a heating block

FIGs. 6 and 7 illustrate the process used to manufacture the disposable plastic
chip.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention discloses a multi-well plastic chip, which is optimized
for thermal performance and with a fluidic manifold for thermal cycling. More
specifically, it concerns a thin and shallow multi-well chip with debth of not more
than 0.5 mm. A given sample will fully fill its chamber, forming, in effect, a thin film
sample layer. Relative io a silicon multi-chamber thermal cycler, the ramping speed

of the present invention is faster (due to the geometry and small size of each
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sanple layer. Relative to a silicon nmulti-chanber

thermal cycler, the ranping speed of the present
wonvanssiom i s faster (due to the geonetry and BAEiSIG2004/000067
P1604® of each WD 2004/085134 PCT/ SG2004/ 000067 P100409

5 chanber). The thin wall of the plastic chip in this

i nvention reduces thermal diffusion delay tine

effectively. The thin wall 200 | am can give |ess

than 0.5 seconds of delay tinme conpared with
chaﬁlfﬁ\éﬂﬂtw‘m%in%ﬁil Rdfaghe Pfasfi@vtlﬁﬁ%nlms inveetios heduese thermal
wel I ‘of 400 pm sanple "tilnf' gives 1 second of del ay

il i | AR | MigiveVRisk then 0.5
du%dgﬁ%o oL, SrRE BriekMlety, Phé IR 1l Bf 00l firAr ighams

tines an in the tube. Another drawback
of 14 . ) . oo _ DL
sePpdsBrau B fp Sl Wi difchifnetEicr phA BFrow seconds. The
It alsq limts the m pioumval u '
snghofisih of o i 2l o e BFedrs s Bl het TEE s cley
10, The plastic chip o .S invention ca
s SRR Y BB T 1000 g s ot g8 AT dlet Slawbect
cross tal k between chanbers is mnjnmzed b he thin ,
of GHbe 95 S0 13i BB NG 1aB b CHIEE IBLEEEn SIS Tedled due io
gives better tenperature uniformty (<0.5 O and(ypre
sapie isveperatipnrhelse dimitsrihe dninirourn ojume that £ R Hed nsa tube.
For this technol ogy, the influence of bubbles can be
In $hig imvantianthe &ir gap suglingingied. poor t enper at ure
uniformty and builds high pressure inside the
chanbers. The present invention enploys

m cro-channels to elimnate the generation of bubbles

dur iTre 9@@’@& ehipnpfetbis innentianpare bel usad/ fon irckegeddentiyocaytirolled
the mcro-channels will be bubble free. Since

thBIrfAIOS/ERAG.CT Rerdial réssUBHIk Gletwekrs thambemrdisf minimizdavby the thin
well's ‘are 20 sealed is also very inportant because the
cre€2LEEAfonTBRRTe bANELLTORS! batwesAOKENk. tThis gives better temperature

uniformity (<0.5 °C) and more precise temperature control (0.1 °C) for each well.

For this technology, the influence of bubbles can be significant. It results in
poor temperature uniformity and builds high pressure inside the chambers. The
present invention employs micro-channels to eliminate the generation of bubbles
during sample injection. Samples load/unloaded through the micro-channels will be
bubble free. Since microchannels give a uniform distributed flow. How wells are
sealed is also very important because the sealing means are directly exposed to

the solution. Normal tape, for example, is not the solution-resistant.

Thermal bonding or welding techniques are better suited to chip sealing. Hot
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the solution. Normal tape, for exanple, is not the

sol ution-resistant. Thermal bondi ng or wel di ng
woeolussizes are better suited to chip seal i ng. PEDSGY4/000067
P13043y 085134 PCT/ S&2004/ 000067 P100409 6 |I|id sealing

i s anot her popul ar technique for tube plastic plates.

It needs to be kept wthin a certain tenperature

range to protect against evagporation. However, any

nodi fication of the present invention that involves

éa«'ﬁﬁg |§‘%n6ﬂ’1‘é¥ ﬁ)bsmak tdthhigtietfer iUk plabis plakest Iti meeds!tb be kept

ange the thernmal profile significantly. Doubl e sided

wu@iﬂﬁ "IBLridin B4 @F&U% ér@ '&%féc% BirRt @@Qp&%’uéﬁ edosBver, any

e current c |ng fo e can be applied

mp@ nﬁ%ﬂ)@ éﬂ%ﬁﬁ%@%@qlﬁ\sﬁﬁlgégﬁ%ﬁﬁ\/oﬁé@éﬁéﬂﬁ@%Fi&ﬁbnal ) rts io the
RERPEQTUE NS g
cﬁg@gﬁ&%ﬂ]@éi@%ﬁgcw %@sgﬁg\‘q ne w2 ?c%%@t’r%e\ﬁgghwome can be

thermal form ng. Through this rrethod a nolding force
appliedtianough dire "@Qaﬂ"ﬁﬁ%@%ﬁ'@"(v\hl ch is the maxi mum

achi evable with vacuum formng) can be applied to the
thin plastic. 15 Referring nowto Fig. 2, we show
there a plan view of a portion of a single chip ile

FI G PRstieteemahfosmingcieoknolegycisi Laedttamﬁp%redhg Plasﬁé Chlp in this
3-3. As can ‘be seen, the chip conprises an array of
md@ﬂicﬁﬁsq}@m&n%naleplabms deriming teelrsilogy lrdludps meiericiegtion, hot
for use as a sanple chanber. Also shown in FIG 2 are

efib6E4inG BAAVakGum2Rerntd forating. URedfofraimg teakineiggyansed here differs
unl oading liquid sanple into and out of the 20

frsmélaﬁgirﬁpu%%es Meal, velemire fiserfral forpiny. Mhtougttininmetrodaaenolding
possi bl e, the two that
force greater than 1 atmosphere (which is the maximum achievable with vacuum

forming) can be applied to the thin plastic.

Referring now to Fig. 2, we show there a plan view of a portion of a single
chip while FIG. 3 represents a cross-section taken along line 3-3. As can be seen,
the chip comprises an array of depressions 21, each such depression being
intended for use as a sample chamber. Also shown in FIG. 2 are micro-channels
22 that are used for loading and unloading liquid sample into and out of the
chambers 21. Many designs for such micro-channels are possible, the two that
appear in FIG. 2 being simply examples. By using micro-channels to load and
unload liquid, bubble formation is eliminated because of smoother and more

uniform flow.
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appear in FIG 2 being sinply exanples. By using

m cro-channels to load and wunload |iquid, bubble
woaommssiom i s elimnated because of snpot her aRdT/SGR@4/000067
P100¥0Por m f 1 ow. WD 2004/ 085134 PCT/ SG2004/ 000067

P100409 7 The cross-sectional view of the di sposable

chip that is seen in FIG 3 illustrates several

i nportant features of the present invention: (1) The

| ow t hi ckness of plastic sheet 23 (|l ess than about 200

M cITABSdros§-8edticral 06w dfhenBispbsatiatdiy that weesenah| BIG. 3
21; relative to all neighboring heat 5 sources, each

iIIu%Eé’!&%’ev@@lrﬁ%Mﬁ@éiu%r&lﬂﬁé ARGent Mebnfich;| ess than
0-70 2) The shallow depth (less than

ﬁ;j Y %ff' fﬁfé?@éés CH"E ﬂl%ilcs §ﬁé?i' ap! (‘0?%% m}l}"%ﬁﬂt ab&.ﬁe%(? %igrons)

une of e presen

rfac heat tr ns
Sy e inoBlER paife it er%ﬁ!i\é%?%%" S0 Big rec
hanb h th duct f
SOUGESVRACH ARITER FE9.dI 11SBrSl CURGURBES 182 1855 i about 50-70
therrral di ffusion path from heat source (botton)
Wll('hxough the solution to surface. (3) There is
sufficient surface material between the wells to allow
t he (YeThesshallevbdspin glees kharsatxdut SODmigrarish of webp i dmplies that
(see below). 15 (4) Since very little plastic is
théieReldcoriy @ $rmeall polumes of sambly Miquidewhite psesentingta large surface

expensi ve (see below) it is econom cal to dispose of

aréd) SoBdt tRinsfEr intdfdrRy owt d¥ithd liguid Ys the well can be very rapid, each
chamber having a thermal conductance of about 2-4 x 10° WK, The thin wall of
the well means a short thermal diffusion path from heat source (bottom) through
the solution to surface.

(8) There is sufficient surface material between the wells to allow the wells
to be properly sealed in a single operation (see below).

(4) Since very little plastic is needed and the process to form the chips is not

expensive (see below) it is economical to dispose of the entire chip after a single

use.

Referring now to FIG. 4, we show a first embodiment of a process for multi-
chamber thermal multiplexing using the above-described disposable chip. Chip 23 is
placed on an array of heating blocks 42, that share a common substirate 43, and
bonded thereio io ensure good heat fransfer. Our preferred bonding method for this

has been flip chip bonding technology. The size and spacing of heating blocks 42
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Referring nowto FIG 4, we show a first enbodi nent of
a process for nmulti- 20 chanber thermal nultipl exing
waagssize above-descri bed di sposabl e chip. ChPpT/R82008/000067
pl aced on an array of heating blocks 42, that share a
conmon substrate 43, and bonded thereto to ensure
good heat transfer. Qur preferred bonding nethod for
Plooé(ﬂi' s has been flip chip bonding technol ogy. The size
d spacing of heating bl ocks 42 WD 2004/ 085134
PCT/ SG2004/ 000067 P100409 8 matches that of chanbers
21. After chanbers (or wells) 21 have been filled with
liquid sanples, cover slip %1 is bonded to the top

surface.23 tp ensure that each liquid sanple is
maicﬁ%%]aip’g%@@ggqsg%. 5 within its own chanber. For this
sub- process, our preferred cover slip material has
been any bi oconpatible thin sheet while our preferred
bondi ng nmet hod has been thermal bonding. The chanber
i Aftgs ghambers (r wallshgi hgve heen dillethwith WigHigisaraples.rover slip 41
channel end for sanple | oading. These inlet and
is booded W thadop sudats 23 iwansure thal eshbdiguidwamile imebmpletely sealed
covered by oil to elimnate evaporation. 10 Then, wth
withit iie cemphambeaf Edryihisesieprocebe, twapiefayrdsl coves slip mekrial has
used to heat the |iquid sanples. Tine and/or

beent &M dictouipatioRy tHie shest wiile asurf grefeprchbemding enethod has been
needed and the conposition of the sanples may vary

thernid %hamg TAE IchhmbehRs dE2380 first Meuiling inkits ahe ottiedert the channel
When al " sanpl es have been heat treated, cover sli p 41

end foPsdm ré%a&hgdméwih@ﬂ aRd %atlé%dl@saéétﬂ& coﬂﬁ&ﬁ@ﬁﬁb@mbmg and

are | nd| vidual 'y renmoved, using t m cr ochannel s,

be cdveted by bil € elhifeRS&ldPdration.

Then, with the samples safely sealed, the heating blocks 42 are used to heat
the liquid samples. Time and/or temperature may be customized for each sample as
needed and the composition of the samples hay vary from one well to the next,
should this be needed. When all samples have been heat treated, cover slip 41 is
detached from chip 23 by heating. The samples are individually removed, using the

microchannels, for further processing.

Chip 23 is then separated from heating blocks 42 by hand. This is feasible

because thermal grease is used for the contact.

Referring now io FIG. 5, we show a second embodiment of a process for multi-

chamber ihermal multiplexing using the disposable chip. An array of heat sinks 52,
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Chip 23 is then separated from heating bl ocks 42 by
hand. This is feasible because thernmal grease is used
woéanostosgizeont act. 20 Referring nowto FIG 5, ReTSBoW4@00067

second enbodi nent of a process for nmulti- chanber
p1ooddeer mal nul tipl exi ng using the di sposable chip. An

array of heat sinks 52, WO 2004/ 085134

PCT/ SG2004/ 000067 P100409 9 whose size and spacing

mat ches that of the nulti-chanber array and that share

a common substrate 51, is provided. Each heat sink 52
whosensiteided spacingsmitghesuhbhobtte mudti-chgmbeit arrghiaod ibat share a

of said wells just fits so that each well can be
comrh&$ @ubgichte 810 i@ provded:sPariheg siakig2yinctudesdbyits iop surface a

ensuri ng good heat transfer between elenents 21 and 5

cavity frio Mili@T ohb |diisRit eRaghesie sovhbheddreliellldaalbel inseried into a
sanpl es, heating block array 42 (whose size and

corre%ﬁ@ﬁdi ic%ﬁfyé lﬂ?e?e%{ﬂ%bms%n%i Egoﬁbéi rahAEoBswREh@mbhis 21 and

ace ont a tter so that each liquid
50 sanple is conpletely isolated within its own 10
—* chanber. Then, uniform pressure 55 is applied and
mai nt ai ned between the heat sink and heating bl ock
arrays, thereby ensuring good heat transfer between

h d th L gqui i n. wel | 1, f i
i g ehambeBoed Wahaner ol Bpiicte eafb WhGE agrey 42
(whobe Ges F0aShaRd PR dhatept 8 mGATHEIPE BT 8 Blaced in
tenporarily, to further reduce the ti e_eded&o, .
contaciiwilh thadatiar §9i that eaghpligyd sampieisrc eteiolgolated within its own

tenperatures. As in the first enbodinent, tinme and/or )
chamherpEher, wniornn, prassura 8 énaprligdrasd maintained between the heat sink

and heating block arrays, thereby ensuring good heat transfer between them and the
liquid samples in wells 21, following which heating blocks 42 are used to heat said

liquid samples.

Note that heat sinks 52 may also be made to serve as heat sources, either
exclusively or temporarily, to further reduce the time needed to raise the liquid

samples to their required temperatures.

As in the first embodiment, time and/or temperature may be customized for
each sample as needed and the composition of the samples may vary from one well
to the next, should this be needed. When all samples have been heat treaied,
pressure 55 is ierminaied so blocks 42 and 52 are readily separated from chip 23

ihersby allowing the liquid samples to be accessed and individually removed for
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20 each sanpl e as needed and the conposition of the
sanples may vary fromone well to the next, should
wohbw/osgi3meeded. When al |l sanpl es have been he®CT/SG2004/000067

treated, pressure 55 is term nated so bl ocks 42 and
pioofo are readily separated fromchip 23 thereby

allowing the |iquid sanples to be accessed and

i ndividually renmoved for WO 2004/ 085134

PCT/ SG2004/ 000067 P100409130 further processing,

follow ng which chip may be di scarded. To
furthar|proegssinge fallewing: wh@!whus may hesdisgargedr e t he

di sposabl e plastic chip itself, we refer nowto FIG

6. This process begins with the provision of nold 62,

whose 5 surface includes an array of depressions 61

t tratillwditishe thet grooeseuddibicdephbisangs diedispbsamne Iplasit Ichip iiself,

Qur preferred material for the nold has been silicon

we rdtei ndjviol RIG. "B UTHiS PrécessUsdyims vith 1A Wbligion’dl MoltD62, whose
mat eri al s coul d al so have been used. At |east one

surfaéé‘ ﬁ?f’ludéfs & éﬁé 6i #Bir8Edighs B9 u‘\a;{ Wil defGiie ‘EHéedéﬁih @nd area of

ace anpl es o suit e materials include,

?\fl« 55 ] B (94360 S0, B0 s vt
h
such 33818 offly ol aiepils 2R 58 b e d Bl 5'°)
Multiple thin sheets are easier to deformthan a
single thick sheet since the sheets can slide past

th the d
CAF dRRR QReost o RIRRIC o) 211 PR A e g surface
e B R e B B T o B lones).

and PMVA (poly(nmethyl pethacrylate)). A key quality
(polypropyleacy &’ héralyésierdr [ dhinganpugh sheetsican be obtained and

worked, several such sheets may be used (we show two sheets in FIG. 6). Multiple
thin sheets are easier to deform than a single thick sheet since the sheets can slide

past one another during the deformation process.

A thicker sheet of a different plastic material 64 is now placed over the first
sheet(s) 63. Possible material for this include, but are not limited to, PC and PMMA
(poly(methyl methacrylate)). A key quality of the second sheet material 64 is that it
should have a softening temperature that is about 50 to 100 °C lower than the glass

transition temperature of sheet(s) 63.

The entire assemblage is now heaied o a iemperature between the softening

temperatures of materials 63 and 84 and uniform pressure 65 of at least 5 KN is
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shoul d have a softening tenperature that is about 50
to 100 C lower than the glass 20 transition
woenp@ssisur e of sheet(s) 63. The entire assenbPaysG2&4/000067

now heated to a tenperature between the softening
p1oodgeperatures of materials 63 and 64 and uniform

pressure 65 of at least 5 KN is WD 2004/ 085134

PCT/ S&G2004/ 000067 P100409 11 applied between plastic

sheet 64 and nold 62 therelty causing plastic materi al

64 to flow. This, in turn, exerts uniformhydrostatic
appligd bebveen plastithehagt & FB mold BB ghereby eausivafriasiictroaiereal 64 to

surface of nold 62 as illustrated in FIG 7. Then,
flows. A rinciom, i @risourdformeymirositiic eorbesuosy orhsitdel(s) £ farciag it to

has fully hardened, the two plastic |layers 63 and 5 64
confciinEicSBiRAEATRE & PDIOBR agnifbéirsiedangd RIS, s Thenpsier tanlipg io a

used as described earlier as a disposable

tempBiHitire- AT RRict PlaBtic b Ha8 fUMPRARAE, PenRbeIadiRi laydie 63 and

nore standard approach of using a high tenperature

64 ar%%:}é%@?tﬁt%%fr&%n% ér‘\btﬁéi?}ﬁl‘%é Lsﬁ%?ncﬁ@@'th 8 RE8TE U cliBed earlier

was not use ecause this requlres

I -1 us. The latter is not needed if
asa&ﬁ@%ﬁﬂ{r%ﬁgg@%ﬁ?%rdnsmt the nol ding pressure is

hi ghly viscous so that it is hard enough to transmt
pressure w thout being confined but soft enough to be

?{Et::eg:{t@%é%arlrtﬁoc %F)Ie%rpna]gat%ﬁowq%?s S.ﬁ’@qﬁ;g@é‘r%a&? qu. us]ir?g a high

"M crofapricated reactqr”, US. 5 646,039, Jul. 6 6, 1997.
tompprEUTE LG K to ETSHT e SORISEBIEREHR 0 Sheets 63 b Aok used

mul ti - chapber thernmpcycler”, US 5,6 939, 312, Aéjg ) ]h7, .
becaysmthis requires pressure-tight apparatus. The latter is not nee ed if the medium
used 1o transmit the molding pressure is highly viscous so that it is hard enough to
transmit pressure without being confined but soft enough to be able to fully conform to -

the shape of the mold.
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P10040504/ 085134 PCT/ SG2004/ 000067 P100409 12 What is

clainmed is: 1. A process for manufacturing a

di sposabl e mul ti-chanber chhp, each chamber having

| ow t hermal capacity and good thermal isolation from

i t\ﬁlpéﬁé%ﬁﬁ’rﬁééisﬁ conprising; providing a nold whose

surtface includes a plurality of shall ow depressions
havi ng a depth; placing at | east one sheet of a first

1. Do blacet R Faliactliio BRibdsbp Bt SRS chip. pach chamber
neviliiogrharma apach.a L Seut Brimab e En SO B R E  hay
is less than said first softening tenperature;

compiisiding all materials to said second softening
tenperature; applying uniformpressure between said

pl previdingshmweldswhere sufacerineludema miuglity oh shellwedepressions
plastic material flows, thereby forcing said sheet of
havirig asiepth; astic material to 15 conformto said nold
surface; then cooling until said second plastic
meglaging at feast énd shediaf deinstilasticdnaterial, having a first softening
temperature, on said mold surface;
on said first plastic material, placing a sheet of a second plastic material that
has a second softening temperature that is less than said first softening temperature;
heating all materials to said second softening temperature;
applying uniform pressure between said plastic sheets and said mold whereby
said second plastic material flows, thereby forcing said sheet of first plastic material to
conform to said mold surface;
then cooling until said second plastic material has fully hardened; and
separating said plastic materials one from another and then removing the

sheet of first plastic material from the mold, thereby forming said disposable mulii-

chamber chip.
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separating said plastic materials one from another and
then renoving the sheet of first plastic materi al
wonramwoskis4 nol d, thereby form ng sai d di sposabl eCmsiGReo4/000067
chanmber chip. 20 WD 2004/ 085134 PCT/ SG2004/ 000067
P100409 13 2. The process described in claim1l
wherein said nold is silicon or M. 3. The process
Plowﬂéscribed_in claim1 or 2 wherein said first plastic
terial is selected fromthe group consisting of PP,
PC, and PET. 5 4. The process described in any one of
clainme 1 to 3 wherein saidygecond plastic material is
sel ected fromthe group consisting of PC and PMVA. 5.

2. ThRcRiGeRsTARRSd Rl aMr AR Salf melddt Sicdn P IV
wherein said uniformapplied 10 pressure is at |east

5KN. 6. The process described in any one of clains 1
to 5 wherein said second softening tenperature is

bet ween aboput 50 and,100.C Less t.han.sai d fir )
5. odheaimorss driRrE RN 1 2 WRerbASRuL ef plasti aterial is
mul ti -chanber thermal t Lpl exi erei n each
seleciakiieihh QEUPSRANSIHBY ﬁgﬁlpeg’&a@f'fi%nd is thermally
isolated fromits neighbors, conprising; providing a
nol d whose surface includes a plurality of shallow

depressions having a depth;
4. The process described in any one of claims 1 to 3 wherein said second plastic

material is selected from the group consisting of PC and PMMA.

5. The process described in any one of claims 1 to 4 wherein said uniform applied

pressure is at least 5KN.

6. The process described in any one of claims 1 to 5 wherein said second softening
temperature is between about 50 and 100 °C less than said first softening

temperature.

7. A process for multi-chamber thermal multiplexing wherein each chamber has low
thermal capacity and is thermally isolated from its neighbors, comprising;
providing a mold whose surface includes a plurality of shallow depressions
having a depth; |
placing at least one sheet of a first plastic material, having a first sofiening
temperature, on said mold;

on said firsi plastic maierial, placing a shest of a second plastic material ihai
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20 placing at | east one sheet of a first plastic
material, having a first softening tenperature, on
weoeabd/ossizd; on said first plastic material, plaCT/SG2@4/000067
sheet of a second plastic material that WO 2004/ 085134
PCT/ SG2004/ 000067 P100409 14 has a second softening
tenperature that is less than said first softening
erature; heating all materials to said second
PlOO‘L@rTeni ng tenperature; applying uniformpressure
bet ween said plastic sheets and said nold whereby
sai d second plastic materigl flows, thereby forcing
said sheet of first plastic material to 5 conformto

has éféébnﬂ@oﬂeﬁlﬁgfi@%erﬁ@@lhéﬂ@|I@s&haﬁtsaid fvai sbfmmg"@mperaiure

astic materi al 'y hardened separating said

hﬁ%ﬁ*‘é@iﬂ'“’ﬁ*a?%“@?é A e e ol
8.%5‘3 ﬁhf???aseﬁ% ﬁ@?ﬁ%‘%ﬁﬁ% Plpafl LS s ERRTER foldwereby
saic GrGiREon Sa' seeBriSEie ool oyinnaplefahe®y aafi St rateral to

mul ti -charrber array, f| I1ing at | east two of said
confasrrelgtRaid mald $Ufacgii d sanples in the formof layers
that are |l ess than 500 microns thick; bonding a cover
slthen canlingiuntit sgid secdretplasiic mamriabhamfullvqlar@erm:rpl eis
15 conpletely sealed within its own chanber; and then
usepgratiag daltepibstiombtevialssoneofrivacanotlizercand then demavipy dise
8. The process described in claim?7 wherein said nold
sheet &f first pl&Stt MateNal from the mold, thereby forming a plurality of shallow
chambers in a disposable plastic chip having a top surface;
placing said plastic chip on an array of heating blocks whose size and spacing
matches that of said multi-chamber array;
filling at least two of said chambers with liquid samples in the form of layers
that are less than 500 microns thick;
bonding a cover slip to said top surface so that each liquid sample is
completely sealed within its own chamber; and

then using said heating blocks to heat said liquid samples.

8. The process described in claim 7 wherein said mold is silicon or Ni.

9. The process described in claim 7 or 8 wherein said first plastic maierial is

selected from the group consisting of PP, PC, or PET.
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20 9. The process described in claim7 or 8 wherein
said first plastic material is selected fromthe
waroupssiemsi sting of PP, PC, or PET. WO 2004/ 0861862004/000067
PCT/ SG2004/ 000067 P100409 15 10. The process
described in claimany one of clains 7 to 9 wherein
said second plastic material is selected fromthe
p1008HCUP consi sting of PC and PMVA. 11. The process
scribed in any one of clains 7 to 10 wherein said
uniformapplied 5 pressure is at least 5 KN. 12. The
process described in any oqg of clainms 7 to 11 wherein
said second softening tenperature is between about 50

10. aNtePcdEsResribdnih daintlahy 663 oPEbIn®NT REQ virRIBiarsaid/s&ond
10 13. The process described in any one of clains 7 to

plast%rg%ﬂ@ﬁél% %ﬁf@ﬁf&dﬁ‘hﬁﬁ ti‘?% g@%ns%ﬁh olpeidfioPRifAcks to

said 'rquid sanp her Tonpri ses
simultaneously. heating different liquid sanples to
different tenperatures. 15 14. A process for

I'ti-chapber, thermal nultiplexing Wherein each. .

11, TER ghesiaes Rescrpast ey one orels 4 5 bS] RaRraytpym applied

i solated fromits neighbors, conprising; providing a
pressuse ib 9ieas SItf ace includes a plurality of shallow

depressions having a depth; placing at | east one

sheet of a first plastic material, having a first

softening 20 tenperature, on said nold; on said first
12, plTetprocesstdescebed il any one ef claiees 7 tf 1 hwherzindajd second

mat eri al that
softening temperature is between about 50 and 100 °C less than said first softening

temperature.

13.  The process described in any one of claims 7 to 12 wherein the step of using
said heating blocks to heat said liquid samples further comprises simultaneously.

heating different liquid samples to different temperatures.

14. A process for multi-chamber thermal multiplexing wherein each chamber has
low thermal capacity and is thermally isolated from its neighbors, comprising;

providing a mold wﬁose surface includes a plurality of shallow depressions
having a depth;

placing at least one sheet of a first plastic material, having a first softening
femperature, on said mold;

on said first plastic material, placing a sheet of a second plastic material that

has a second softening temperature that is less than said first softening temperature;
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has a second softening tenperature that is |l ess than

said first softening tenperature; WO 2004/ 085134
wOCH43821304/ 000067 P100409 16 heating all naPerisak@4/000067

to said second softening tenperature; applying uniform

pressure between said plastic sheets and said nold

whereby said second plastic nmaterial flows, thereby

IﬂOO&ﬁyCing said sheet of first plastic material to

conformto said nold surface; 5 then cooling until

sai d second plastic material has fully hardened;

separating said plastic nmaggrials one from anot her and

t RBBIAEAPWRiddR st estorf sdiichiiy iBhpetaiardrat eri al

fromthe nold, thereby formng a™plurality of shallow

c : ; ,

< uﬁﬁ@@(g;ﬁzﬁlﬁrrﬁ |p?é§é19§ %g{v%e‘?ll 234 Efagﬁ% Fﬂeéﬁ%ﬁnﬁ%a?d ﬁ]%!ﬂowhereby

I nserting sposa astic chip i
.. cavities,.sinaly_ | t ithin an_ar O of, heat . .

said gitit NnE el e Blerhh roiaf SnBSRbL ot P gk tnateria o

multi-chanper array, filling at |east two of said
Confc?f'fﬁ‘éﬁt?@}cgmafdtwr%c&ui d sanples in the formof |ayers

that are |less than 500 m crons thick; placing an array

othaieznoling upiilald seeaiskiiaglicrsaignal Rl hardanéles t hat

of said multi-chanber array, in contact with said

PlsBpiiafing BhiR plafticiblciaR Gife FoAtandRfel andThénh PeHhéving the
sanple 1S conpletely isolated within its own chanber;

shoof i B A e eBl KRB SRS HShURSP

sink array and sal rray,
onar3FL Y P B BAE TR b 0 b e e o
blir(ljscell('ﬁc’ngt t%era’?sa;)tos%%jedpllaét%uéh?p %?ggé\ﬁt?és singly located within an array

of heat sinks whose size and spacing matches that of said mulii-chamber array;

filling at least two of said chambers with liquid samples in the form of layers
that are less than 500 microﬁs thick;

placing an array of heating blocks, whose size and spacing matches that of
said multi-chamber array, in contact with said plastic chip top surface so that each
liquid sample is completely isolated within its own chamber;

applying and then maintaining uniform pressure between said heat sink array
and said heating block array, thereby ensuring good heat transfer between them and

said liquid samples; and

then using said heating blocks to heat said liquid samples.

i5.  The process described in claim 14 wherein said mold is silicon or Ni.



20 15. The process described in claim14 wherein said
nmold is silicon or Ni. WO 2004/ 085134
wWOCH+H821304/ 000067 P100409 17 16. The pr ocesBCT/SG2004/000067

described in claim14 or 15 wherein said first plastic

material is selected fromthe group consisting of PP,

PC, and PET. 17. The process described in any one of
leyﬁ%ains 14 to 16 wherein said second 5 plastic

terial is selected fromthe group consisting of PC

and PMVA. 18. The process described in any one of

claims 14 to 17 wherein sajgl uniform applied pressure

is at least 5 KN. 10 19. The process described in any
16. TRE pratkss dakdrhetintciidti AhereivAesi SaisfeaflasiRahiienalng

tenperature i s between about 50 and 100 | ess than

selec%gfscr htheS brobldcRishFg oi‘ P@QHQPETB 20. The process

bed™i n"any one~o faifs 14 to 19 wherein the
step of using said heatlng bl ocks to heat said |iquid
sanples further conprises sinultaneously heat i ng

7. SR SRS S B BRI Bk

c hamber _has | ow t her nal capacity and IS thermally

5  plastic seateial ds W‘S%@Fitf%@"h@?%%él%on%mﬁ PR EENIF MM nuous
pl asti ¢ sheet having a top surface and a thickness
that is less than about 200 mi crons;

18.  The process described in any one of claims 14 to 17 wherein said uniform
applied pressure is at least 5 KN. |

10
19.  The process described in any one of claims 14 to 18 wherein said second
softening temperature is between about 50 and 100 °C less than said first softening

temperature.

15 20. The process described in any one of claims 14 to 19 wherein the step of using
said heating blocks to heat said liquid samples further comprises simultaneously

heating different liquid samples to different temperatures.

20

21. A disposable multi-chamber chip wherein each chamber has low thermal
capacity and is thermally isolated from its neighbors, comprising;
a continuous plastic sheet having a fop surface and a thickness that is less

than about 200 microns;
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WD 2004/ 085134 PCT/ S&004/ 000067 P100409 18 an array
of depressions in said plastic sheet that extend
wdawawasids fromsaid top surface a di stance oPCTSG2004/000067
nore than about 500 microns; and said depressions
bei ng separated one fromanother by at least 1 nm 5
22. The disposable nulti-chanber chip described in
P1004%hai m 21 further conprising an attached outer frame
that serves to increase the rigidity of said chip. 23.
The di sposable nulti-chanber chip described in claim
21 or 22 further 10 conpri$gng m cro-channel s that
extend outwards, parallel to said top surface, from
S ah Grid@ T eepiaBibne iF 85idi pidsiiclipzebihat exiphe ieninvliudidirem said
formation. 24. The di sposable nmulti-chanber chip
: rd ' : 3 i erein said
iop SL%F&%% d @i@%r]‘]b@ of Rt ﬁBFeeﬂfan%b%‘uFQO@ 1iéBng3ang\h

astic sheet I1s selected fromthe group consisting of

i SFpuRitgk Peing seberaieg IR RARABTEL Byt AR

relative to all neighboring heat sources, each chanber
has a thermal conductance that is | ess than about
50-70 WK"1. 20 26. The disposahle nulti-ch er chip .

22. qdbe dispegakls mpfl-coambsr chipdasgribad inglaim 2 ﬁo'aipﬁsmg an
tenperature uniformty of |ess than about 0.5 (r)C can

attachegl euieniramadbatgervasiodncrgasethe rigidintoimaid elipi n one of
sai d depressions. WO 2004/ 085134 PCT/ SG2004/ 000067
P100409

23. The disposable multi-chamber chip described in claim 21 or 22 further
comprising micro-channels that extend outwards, parallel to said top surface, from

said depressions, serving thereby to prevent bubble formation.

24. The disposable multi-chamber chip described in any one of claims 21 to 23

wherein said plastic sheet is selected from the group consisting of PP, PC, and PET.

25. The disposable multi-chamber chip described in any one of claims 21 to 24
wherein, relative to all neighboring heat sources, each chamber has a thermal

conductance that is less than about 50-70 WK

26. The disposable multi-chamber chip described in any one of claims 21 to 25
wherein a temperaiure uniformity of less than about 0.5 °C can be maintained within a

given liquid placed in one of said depressions.
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19 27. The disposable nulti-chanber chip described in
any one of clains 21 to 26 wherein a given |iquid,
wohem@dsizm one of said depressions, can have i PETISBa004/000067
tenperature controlled to a precision |evel of about
0.1 C 528 A nmulti-chanber thermal multiplexer,
conprising; a disposable plastic chip in the formof a
Pux@pﬁntinuous plastic sheet having a top surface and a
i ckness that is |ess than about 200 m crons; an
array of depressions in said plastic sheet that extend
downwards fromsaid 10 topgsurface a distance of not
nore than about 500 microns; said depressions being

o7. STRBRRAzpRAMLRIUReATRY BRI ? daecAbed Resty dnaoi clsima2d io 26
plastic chip being in contact wwth an array of heating

wheréih%%ﬁe%& SILEE inthe o?f%%&! r%én&r?@sal 3%\/@% MéhH

array,; at eas hanber s

. , 15 a cover slip
lemp%"@i%g 088458@% tgoé Egc@%ﬂ&%@l%@ét %’gmt%hat each |iquid
sanple is conpletely sealed within its own chanber.
29. The multi-chanber thermal rmnultiplexer described in
28. clhainoiiixshemivaripermal omiipleiatgcempidging@r frame attached
to said disposable chip that serves to increase 20
t Balispogable: glagtic ewp th thaifeym gba copiinuayslasiishset having a top
thermal nultiplexer described in claim28 or 29
surfateiand arthickness that isdess than abhan2(f miarons; ext end
outwards, parallel to said top surface, from WD
2 QA48 e pRESEidRsan 8didqNastic Sheel B4 62tend downwards from said
top surface a distance of not more than about 500 microns;
said depressions being separated one from another by at least 1 mm;
said plastic chip being in contact with an array of heating blocks whose size
and spacing matches that of said multi-chamber array;
at least two of said chambers being filled with liquid samples; and
a cover slip being bonded to said top surface so that each liquid sample is

completely sealed within its own chamber.

29. The multi-chamber thermal multiplexer described in claim 28 further '
comprising an outer frame attached to said disposable chip that serves to increase

the rigidity of said chip.

30. The mulii-chamber ihermal muliiplexer described in claim 28 or 22 further

comprising micro-channels that extend outwards, parallel to said top surface, from



20 said depressions, serving thereby to prevent
bubbl e formation. 31. The multi-chanber thernal
waoubdasiogssxer described in any one of clains 28PCD/S82004/000067
wherein said disposable plastic chip is selected from
the group consisting of PP, PC, 5 and PET. 32. The
mul ti-chanber thermal nultiplexer described in any one
f clainms 28 to 31 wherein, relative to al
Plowﬁ@ighboring heat sources, each chanber has a therna
conductance that is |ess than about 50-70 WK1. 10 33.
A mul ti-chanber thermal nubgipl exer, conprising; a
di sposabl e plastic chip inthe formof a continuous

said %@%&é&iéﬂﬁ? ReRknd@etdly B drPoni BbbRGBASKbA  hi ckness

ess than about 200 m crons; an array of
depressions in said plastic sheet that extend
downwards fromsaid 15 top surface a di stance of not

3. o g%rrtg{ﬁg?ph%b lé% j%%gﬂ%ﬁh@fe%@%%%&fb%@ﬁb %%@Lﬂ%:ésqf%gihﬂg 2810 30

di sposable plastic chip having been inserted inpto .
whereingeid dspPosaiie\ PIgsHhCR S %@@Cﬁ@a ifrQn ths-greda cRneiking giPP, PC,
array of heat sinks whose size and spaci ng matches
5 andREBt of said nulti-chanber array; 20 at |east two of
sai d chanbers having been filled with |iquid sanples;
and said plastic chip top surface being bonded to an
array of heating bl ocks whose size and spacing

32. Mghehagiitidhambef tiermel multiplexehdebmibedrin ayy onetdi atairna €8 to 31
[iquid sanpl e WO 2004/ 085134 PCT/ SG2004/ 000067
wherShOR4Rve to all neighboring heat sources, each chamber has a thermal
conductance that is less than about 50-70 WK™,
10
33. A multi-chamber thermal multiplexer, comprising;
a disposable plastic chip in the form of a continuous plastic sheet having a top
surface and a thickness that is less than about 200 microns;
an array of depressions in said plastic sheet that extend downwards from said
15 top surface a distance of not more than about 500 microns;
said depressions being separated one from another by at least 1 mm;
the disposable plastic chip having been inserted into cavities, each such cavity
being located within an array of heat sinks whose size and spacing matches that of
said multi-chamber array;
20 at least two of said chambers having been filled with liquid samples; and

said plastic chip top surface being bonded to an array of heating blocks whose

size and spacing maiches that of said multi-chamber array so thai each liquid sample



21 has been conpletely sealed wthin its own chanber.
34. The nmul ti-chanber thermal nultiplexer described in
wobhei4ros334f urt her conprising an outer frame arCasbke4/000067
to said disposable chip that serves to increase 5 the
rigidity of said chip. 35. The multi-chanber thernal
mul ti pl exer described in claim33 or 34 further
P1004_%9rrpr|3|ng m cro- channel s that extend outwards,
parallel to said top surface, from said depreSS|ons
serV|ng thereby to prevent bubble formation. 10 36.
The mul ti-chanber thermal pultiplexer described in any
one of clainms 33 to 35 wherein said disposable

has bpbAShimpl<tblyBehdseitie lie dviv eanilee. gr oup consi sting of
PP, PC, and PET. 15 37. The nulti-chanber thermal
nultiplexer described in any one of clains 33 to 36
wherein, relative to all neighboring heat sources,

eﬁﬁ% n‘h@ %5@8@%@%&%%%@@)@? 0B aMT Bl as flfinbess

comprising an ouier frame attached to said disposable chip that serves io increase

5 the rigidity of said chip.

35. The multi-chamber thermal multiplexer described in claim 33 or 34 further
comprising micro-channels that extend outwards, parallel to said top surface, from
said depressions, serving thereby to prevent bubble formation.

10
36. The mulii-chamber thermal multiplexer described in any one of claims 33 to 35
wherein said disposable plaétic chip is selected from the group consisting of PP, PC,

and PET.

15 37. The multi-chamber thermal multiplexer described in any one of claims 33 to 36
wherein, relative to all neighboring heat sources, each chamber has a thermal

conductance that is less than about 50-70 WK™,

20



