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Field of the Invention [0001] The present invention
generally relates to mniature autonati on devices, and
nore particularly to a mcro thermal cycler with

sel ective heat isolation. Background of the Invention
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broadly to chem cal and bi onedi cal applications

M crofluidic devices offer distinctive advantages of

| ow manufacturing cost. hput m ni mal
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automat ability. Another advantage is that mul tiple

operations can be performed sinultaneously on a
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bei ng the focus for automation is the polynerase
chain reaction (PCR) that artificially anplifies
nucl ei ¢ acids i n-vitro Thi s anplification process is
realized by a serieg %Wi@en?%ﬁl es applied to
t he sanmpl e solutlons con arn m ng nol ecul es
for the reaction start, nucleotlde trlphosphates and
the enz I assi cal PCR ass
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devi'ce size cause nmaxi mum heating an
mm{a@gurofg abbdﬂgl?thtowfg@uarrdmxmﬂe'eegem eonsupgrtiond and hrgh degree of
m nutes. . This
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can be perforned usin | er vol unes. hese
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for, a mniaturized thernocycling process. The heat

ampHpagianypigpess Jy eiliged, br assetiss t_ﬁ:mmratmawackeﬁ @pplsdeto the sample
solﬁﬁ@x‘f‘su\%ﬂfch%gpﬂaﬁl e}%‘b{n%rfﬁé%{xlﬂgy\’f I }flll;] Et?on s‘? rhucﬁeopdie Egaphosphates

ups are rea ctrica ng of
and elsé shoyise polmhml@ piFoc etdsichlyPAR a?ssa}@t febgipafdtivieBalarge sample
transfer to the surroundi ngs supported for exanple by
volymegdahout gﬁo gewWp g ap ul) are tsed in conventional thermocyclers. Sample and
device size cause maximum heating and cooling rates of about 2-4 K/s and, therefore,
periods for each temperature cycle of about 5 minutes, This means that the whole cycling
process with up to 40 cycles takes at least 3 hours.
[0004) DNA analysis using PCR can be performed using smaller volumes. These
volumes can be handled in miniaturized devices with low parasitic heat capacities. In these
devices, high heating and cooling rates up to 50 K/s can be realized. Chip devices on
silicon have been developed for a miniaturized thermocycling process. The heat capacity of
such devices is minimal, and the power consumption is extremely low. High temperature

ramp ups are realized by electrical heating of thin film resistors, cooling proceeds by an



means. [0005] Published patents and literature have
shown various nethods of controlled heating of mcro
areas on a chip. These publications use various
conmbi nations of different ge@onetries and |ayouts of
heati ng, sensing mcroelenents and die substrates to
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M crofluidic devices are extensively explored for
maapR®i r applications in Dbi omadl cal oper ati ons,
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biRGHCA ORERAT PRSP IR Yahaihfes sirppasuees sdgre pdiple 0perauons are

EPLE AR 3OSt O SRR AULGTR. For

ideatrfling aaa'geto}aNmmthmcd *aﬁl;;mta b otuat) sangle ibyef?@Rusiklt fin a large

a. bu PCR brl di zat i.on/ sequenci ng
NURBHE ?4»‘ ﬁ?léﬁéUﬁmﬁlga@%% @Sarf@r@flsm\f%a%méelww gnilitary
apPlidaddns hydyd dhaalhep/ t%?t >NkéA aﬁ@p?erc@ht.’g anldt dhfg research and

apparent that these traditional apparatuses are
degdenrsdrdc t\With taﬂdltdﬂmhMAmalea’s eppdrotusemrtiee gbneﬁcanon of a target

I%gs%{ug]g(%e 1%@191@6% 150 ?1’1‘8} ?@Pﬁ lpge%g/v@% Hﬁé gsolagiopkit, amplification
of [ HRO%hrdapDN AeatqlismRsfer PGRCRMEN ah balky@PERf intdc@fte, and
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part of our effort to solve the cost/fabrication
systtinhsefrom. achROBG] both eoﬂtﬂffeehtfenmwmcbifabsoéﬁdm@sms For most of the
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on 1 $ili€on or glass chip. However, the inherent high cost prevents them from wide
applications and successful commercialization. The work described in this invention
disclosure is part of our effort to solve the cost/fabrication dilemma.

[0008] The current ways of solving the problem are as follows:

[0009] Silicon Surface Micromachining as a low cost method of achieving a micro
PCR device leveraging on batch fabrication;

[0010] Micromachining of heaters and temperature sensors on glass substrates; and



PCR devi ce | everagi ng on batch fabrication; [0010]

M cromachi ni ng of heaters and tenperature sensors on

gl ass substrates; and 3 [0011] Polyner/Plastic

fabrication with netallizati@n to create heating

el ements and thermal sensors. [0012] Silicon-based
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. i : ‘ Cons L d ‘

or SURDBAARL LN LEONATAN, BRI BPEHPIt  BYflfmomranhy. v
etchin@( efebubeticmickd \wiratiise Bay enddee bostiesg. gredhilgh cosBAShase processes

on either convenience qr_cost-efficiency. For exanple,
cannog acgopBr dgls e digpesabilily rafuiicdt it iPAdY rratiigs aloedvoid cross-
cmﬁ%ﬁhﬁhﬁmaCid di agnostic device that can integrate

several or all of the operations involved in sanple
[008diqui si t Correathy asdiabkgeicrahnigic elepicephaat been designshmpdmphasize

anal ysis wi.thin a single integrated unit. However, the
on SR P BT RREA R R SLTTER -  AEF G ATPIt LG A BR0.036 discloses a
mikibthiGb§ 1888908 RicRMYa GO AMRBE Sic &Qf&eech&céaﬁqmegrate several or all of

conponent s such as detection sensors, heaters or
thevgletadiges suwvheddn ismmpleceguisiibp amhstoraget sangplapppeetivn and sample

hat this device is very .convenient,. but.not. .cost .
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functionality built onto the mcrofluidic devices,

sengerg. hasterspicydtage selireesdaigi cne shivompl. dt &l appaspeihat bis device is very
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equipren ‘operation. It is
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not convenient, Summary of the Invention [0016] In one

buigrsselitiemicretludifedpriesseatd fhevaitrelbdic dreiesiconpleely disgend on
ext@rm§ % commercially available devices and equipment to perform the desired

operation. It is apparent that this design offers cost-saving, but is not convenient.
Suminary of the Invention

[0016] In one embodiment of the present invention, there is provided a micro
thermal cycler. The micro thermal cycler comprises a bulk heating/cooling mechanism
that can be controlled to increase/decrease its own temperatures; and a selective heat
insulation mechanism being disposed immediately to the bulk heating cooling mechanism,

wherein the selective insulation mechanism comprises a plurality of thermal vias and a



thermal cycler. The mcro thermal cycler conprises a
bul k heati ng/ cooling nechanism that can be controll ed
to i ncrease/ decrease its own tenperatures; and a
sel ective heat insulation nm#dchani sm being di sposed
i mredi ately to the bulk heating cooling mechani sm
plupiie @if RedtROn&RK @S tHaV Brel dAsieadd Rifo 1HR GERaBIThE QR SBSendhe bulk
plurality of thermal vias and a 4 plurality of heat _
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in tecthamha mig thatwhdnacieperahbes ehangasiiRidssSchip are aligned
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[00¢Hanber s hareothérmenteakeditdedcheasad thyrmdieydenty fakthaf comprises a
t he bul k heating/copling nmechanism [0017] |In another .
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thewdebactive hedtenhdatiorsinekhanssndi $pedetheandmbddieemiuifkhe micro thermal

eat.i ng/ cogling ;mechanismin, opposite to the
Y8t g‘g?ﬁ%@temﬂ(elﬁtn%dﬁggP’ﬂa\%ﬁﬂ?@t‘cﬁani sm Ina further
[ooggybodi mepd  gfothdle METRmEREr §Blthe CHGERT thdBRIheRiesS] Bke bulk
is made of netal s/ceramcs. [0018] I n another

heasingeaphishmedianisrecomptisss unifermaly spyesiddreatet halstmpkltier elements or

i.nQ/ | i nechani sm ri.ses upiformn ace .
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enbodi nent of the mcro thermal cycler, the
changas oy be sonirpled e msniching de marepk diredtiagsntinsist mhather further
' . e n L : . .
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b.ul}< hlgflti ng/ cool i ng mechani smfurther conprises one
bealing/cppiing WAP@PSMur e sensors that neasure the

nper at f. [ capl. hani :
e e By, Lo, AR SSRGS e
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conductors in the insulator block can be designed according to specific reactions.
[0020] In another embodiment of the present invention, there is provided a
microfluidic device for performing chemical and biological reactions. the microfluidic
device comprises a microfluidic chip comprising a plurality of reaction chambers in which
the chemical and biological reactions can be allowed; and a micro thermal cycler for
supporting the microfluidic chip and providing selective controls of temperatures of the

reaction chambers; wherein said micro thermal cycler comprises a bulk heating/cooling



conductors are renovable fromthe thermal vias so that

the configuration of the heat conductors in the

i nsul ator bl ock can be designed according to specific

reactions. [0020] In anotherYenbodi ment of the present

invention, there is provided a mcrofluidic device
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he , bul k | h
e BRe] P bER BT IO ST 49 GAPHEROHER LS B RBIReambers ar
incidhstidadecteyisediby thé esAR oYﬂﬁ%uﬁﬂféaﬁnQ’lcéUlﬂth' rh%h@fusﬁe at

conductors that are enbedded into the thermal vias, so

[0028at , whbnandikerbunodiment elgthe omcmihndmahaamesrhecmmngﬁwdic chip
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Polylegrafiudricthgatd (RIFED ot thefr dededtark.sm [0021] | n anot her
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not ‘P@{/é Pradi REmPY b tﬁe@rth&ﬁlaétflf tarhét&'?alg’ﬁn ﬁ@?ee[&;ﬁgﬁ féé\%fi?tzeé s directly

anot her enbodi ment e mcro
in CDh‘@CtrNVKﬂn tfelhgadicndudior. I8 yemaethef embhedioient dfivhe pridrgfleiis device,

the B51eFib ERiyminet hitr s atiePBRniey The Bicfaodiartiispdhaibe reaction
sampRIaNBthin IR MasiRo8RhD PR b Qpﬁﬁ'%&ipﬁfbxﬁr’[ﬁe (b thermal cycler by

ol ytetrafl uoroet hyl ene (PTFE) or their derivatives
the ﬂ@%@?mbﬁ dnetihgherenthodimenof bk mikwivide dévic, dhecfloor member is

e reac | on chamb t.have a flo
desi 35 6 WHAT TR PAC IPPRR e cBie APLRS e Bopur 0 - 50
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conductors. In yet another enbodi ment of the

resigRgeof | ui di ¢ devi ce, the reaction chanbers have a

[00251622{ gﬁﬂbﬁ&h%f eﬁ&%d?xﬁéntt %ﬂ‘]cﬂé rn{elg@ ﬁlgdﬁ ‘zﬁgtel?j ?ﬁ% 1'?1?6 thesion
thermbmpahsedhslﬁdsembéﬂv&:emtl@er |idrbfidil chﬁ:}y@ﬂcﬁmebﬁ’mo thermal cycler so as
to provide support for the reaction samples within the reaction chambers. In yet another
embodiment of the microfluidic device, the micro thermal cycler further comprises a heat
sink for dissipating the heat generated by the bulk heating/cooling mechanism; wherein the
heat sink is disposed onto the bulk heating/cooling mechanism in opposite to the selective
heat insulation mechanism. In a further embodiment of the microfluidic device, the heat

sink is made of metals/ceramics.



the floor menber. In a further enbodi nent of the
m crofluidic device, the floor nenber is designed to
be a thin polyneric nenbrane with thickness rangi ng
from10 - 50 mcroneters, abBlowing the heat to
transfer to the reaction chanbers with m ni nrum
[00RASI St anGLandiR 2&1bolin@i OF hﬁrmﬁm&ﬁ%@%c@fthﬁﬂﬁk heating/cooling
m crofl uidic device, a dual side adhesion H
meghgsisth sompEgrssmifopalynensacd heateri todo bt peldercelemints andqtiwelent for
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In a further enbodi nent of the mcrof]uidic device,
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madeat hRe C IR lyeh gn&h& RiMthel §m9%<li_') 1Rleht Sf 2! :ﬁﬁ?&%mﬁﬁ JDRE, the heat

its tenperature changes can cont rol
conéwpmwmgemablu riremtthditheotal ones. sol that et bmxﬁg‘umttdnemf the heat

nt. of .t m cr,of | ui di v the_.b
confBA0R TR Gn ot et & delefbd et St o sidrip fadigns.
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eratures of the bul k heating/cooling mechani sm
bwlp@@zla]eathnaﬁ@ﬂ’ﬁ&rem amﬁewhergm thtrempictatot rampline and ramp down
of tﬁ?l‘-‘tﬁ“?eac‘ﬁgﬁ aiseexlngx%tth eld} eclgé(gl ation mechani sm
ses an 1'nsulator OER e of
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E{g the plurality of thermal vias in which heat
the fdlounieg evtaileg desciapttmaqueterrpd ampedineis tharerfgn semectien with the

ic device, the heat conductors are nmade
aCC&?ﬁa l%rd}g‘%vngget anot her further enbodi nent of the
m crof l ui dic device, the heat conductors are
renovabl e fromthe, thermal  vias that the
configuration of ﬂf’rﬁ’tﬁ%ﬁﬂ““ﬁb&&l}ﬁ SF¥MES t he insul at or
bl ock can be designed according to specific reactions.

[0026] In anot her enbodi nent of the mcrofluidic
[002gkvi ce, Préfered amiloalimeantd acbdmdﬁi@tcc&ie pesatt iiovent®nawPCRow be

I tion; r e u r .
deso&ba with're elencm tFe rI]~‘1gures latl e 1e¥ereqpce rﬁlmcra S d%%te like
clements.

[0029] FIG 1A is a top view of a microfluidic chip that can be used with the micro

thermal cycler of the present invention in accordance with one embodiment of the present
invention.
[0030] FIG 1B is a cross-sectional view along the A-A’ line of FIG 1A of the

microfluidic chip.



of the PCR reaction are nore than 10C per second.

[0027] The objectives and advantages of the invention

wi |l becorme apparent from the follow ng detail ed

description of preferred enbddi nents thereof in

connection with the acconpanying draw ngs. Brief
[ooBEiscr i pt Fo@ 2fs dchBotiea HFSe{IORA] viBwesdfemhe flicro thermal cycler in

eg&odl nments accordi ng to the present invention wll
ACGRENFER WG O8E eBadingnt ¢f thepwsetsvendonhe Figures, in

ich Ii r hK L enent:s.. .
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resent j.pvention in accordance with one enbodi ment of
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Fihe$ati B8R . ¢y along the A-A" |line of FIGIA of
anthe grlri crofOI u?gllogkg%/i p. 7 [0031] FIG2 is an

[0084ionet ri EIGRdS&xploded wbewsaftianab wiesrso of héremdhsulator block,
ycler..i ccordance with one enbodj nent of the
1*“3‘%8@8%’6%“%‘9@&@}% ﬂ?@'}[eab%@} irpgegorglance wih P%ﬁ%@?c{@emf the present
invexpdroded view of the insulator block in an upside
down orientation in accordance with one enbodi nent of

[0038le pr esEWi OAhews i ovir vie®0OBBIneRkBalsagimdews! tha heatorgitooling block
sul ator block 11 and
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[0036] 0SS - SEENG 6B&howh 8\Whostisedtit@al VisH! A8 thBIHBK ine of FIG 6A of the
heat i ng/ cool i ng bl ock, and the heat sink in accordance

heafipgfoelHe egkodi ment of the present invention. [0035]
oof?y & 6A SPRY‘@A%B@?% A ‘%Yé{v&’éf %{léez%cﬁfatl .‘é%g%?ogﬁ@%rg{.na%oﬁ‘-%lock with

ati ng/cooling use e i nv
emipekitd heatngnBidomsased bonise invOA3E] offh&pedsesthiaventidn for performing
chgr oss-sectional view along the B-B' [ine of FIG 6A of

fetctifat i ng/ cool i ng bl ock. [0037] FIG 7A shows a top
ous o FRETISAYEL ST o A 1D RENT M4 D o
msigetesblotk.i nventi on for performng
{0039} FIG 8 shows one microfluidic chip with PCR reaction chambers that match
the heat conductors of the insulator block shown in FIG 7.
[0040] FIG 9A shows a top view of an insulator block with removable heat
conductors in accordance with another embodiment of the present invention.
[0041] FIG 9B shows a cross-sectional view along the D-D’ line of FIG 9A of the

insulator block.
Detailed Description of the Invention

[0042] The present invention may be understood more readily with reference to the
following detailed description of certain embodiments of the invention.
[0043] Throughout this application, where publications are referenced, the

disclosures of these publications are hereby incorporated by reference, in their entireties,



PCR reactions. [0038] FIG 7B shows a cross-sectional
view along the CGC I|ine of FIG 7A of the insul ator
bl ock. [0039] FIG 8 shows one microfluidic chip with
PCR reaction chanbers that nfitch the heat conductors
of the insulator block shown in FIG 7. [0040] FIG 9A
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heat ""conductors in accordance wi th anot her enbodi nent
perging he present invention. [0041] FI G 9B shows a
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i nsul ati on nechani sm conpri ses an_insulator block with
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oS ST LB RS g o

[0o4shanber Prafr ta mber déthiléd desceiptipn oif hee hdaet ihefmal cycler, there is
provided a brief description of the microfluidic chip that is suitable for being used with the
micro thermal cycler.

[0047] Referring to IFIG 1A, there is provided a top view of a microfluidic chip that
can be used with the micro thermal cycler of the present invention in accordance with one
embodiment of the present invention. The microfluidic chip 1 comprises a plurality of
reaction chambers 2 and a calibration port 3. While four reaction chambers with a square
configuration and one calibration port are shown in FIG 1A, it is to be appreciated that the
number and configuration of the reaction chambers and calibration port can vary according
to any design. More on these will be provided hereinafter in reference to FIG 8.

[0048] The microfluidic chip can be made of any suitable materials. In one

embodiment, the microftuidic chip can be made of polymers including but not limited to



chanbers are heated/cool ed directly through the vias

while the remaining of the mcrofluidic chipis

i nsul ated fromthe heating/cooling cycles. In one

embodi nent, the bulk heatin§/cooling nechanismis a

heati ng/ cooling block that is entirely heated/cool ed
Po@aae@hyim&angzlaiel(P]\mAgl Botpdibsihyadibxean(POMBAPsREQbglute (PC),
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0049] Now referring to FIGI B, there is provided a
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user can see th I'p cove
solution can be adopted to minimize the formation of air bubbles during temperature

cycling.

[0051] Now there are provided more details of the micro thermal cycler of the
present invention.

[0052] Referring to FIG 2, there is provided an isometric and exploded view of the
micro thermal cycler in accordance with one embodiment of the present invention. The

micro thermal cycler 10 comprises an insulator block 11, a plurality of metallic heat



measure any signals such as fluorescence directly. The
floor nenber 5 can be fabricated together with the

m crofluidic chip when the polyner is used for making
of the mcrofluidic chip. I'® other embodiments, the
floor menber 5 can be made of other materials that
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nfiguration, the reaction sanple is not in
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[oodsg ansf erviggly VifferbhembfReiaFedre bapdle TH Iﬁaklﬁgléd&h @Bmf;aﬁlent of the
e adopted to mnimze the formation of air

mlc&?heﬁgaltcéﬁlﬁé phthgrigeseayivveriipn. [Ryefsublndhe mltvévpiémdmhlp 1 is made
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the m o t her mal i n accordance with one
[0084} 10 di meHfesIE oS &%&C@%xt heigvig REqvided apnigomeirisrand exploded view

of tltlehr%&ﬂﬁilm 856%1( &l a&gﬁ‘i&’é@i r?@ﬁef%ﬂloh'?ﬁ éc%%@a‘hc? &»gl‘ﬁl%m]s EmbBdiment of

plurality of neta con or's ,
the ptegemdlintopntiof. h itlgnéamgrahpatt bbticiinglateablecid 31, there is one recession
k 15. The
1&?%@@“‘ /Co l I A S?f%%?klg% etlhgxglgala}vggs: géﬂsﬂuls%r,img the metalhc heat

con@HRRRIL nghé f&naimngr&fth@fééb&&lhﬂoﬂns fReiPbtidld 1 @he rescessmn

metallic heat conductors 12 are inserted’ into the via
recepveé-tlﬁ@herwag@nolmkgebhonls i aﬂ)@r 4kﬂhowls afl sonaltiii¢ sicwhel the assembly of

four. vi.as tal L atc shown in FIG 2, it
the g8t R I B el TR PR < anc
[oosepnf i guraifeeng @f FIGesA Vilred bl idd ReabsCQRAVEIION®W of the
are not so |imted. The plurality of aligning and
insujasedilegk in accordance with one embodiment of the present invention. The insulator
block 11 comprises a plurality of metallic heat conductors 12 embedded in the thermal vias
16, and air pockets 17. FIG 5B shows a cross-sectional view of the heating/cooling block
in accordance with one embodiment of the present invention. The heating/cooling block
14 comprises a peltier element with the hot side 21 and a cold side 22 under reversible
conditions as per the voltage bias applied. FIG 5C shows a cross-sectional view of the heat
sink/cooling fins 15 in accordance with one embodiment of the present invention.

[0056] Referring to FIG 6A, there is provided a rear view of one actual sample of

the heating/cooling block used by the inventors for performing PCR reactions. The



means 13 can be any suitable ones known to those
skilled in the art. As shown in FIGS 5B and 6B in
nore details, the heating/cooling block 14 may be nade
of Peltier elements so that1the heating/cooling
cycles can be easily controlled by swtching of the

hegiiigf@oting BideRCIM QRS dintéiRidhe@hosennis «hpropaidted@r 8pi¢ific applications
suitable materials that have gq ood heat di ssipation
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cyc er o e present I nvention.
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i nsul ator block 11 and the heating/cool’i ng bl ock .
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rality of nmetallic heat conductors 12 enbedded in

ling HEF%Q% erngl thyi ingulatpp blogkd Hher thigharest f thy inylapsBloshdiss to be
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in ac ance W th ‘one e iment of the present
[oosa)vent i oRefefney treﬂGnig/ therel isngroblded koneldigoftpilics esipawith PCR
Pel tier el 1

BB eSSy U0 L et Al e oL Sl
Th@hﬁ"&oﬁﬁi@hd &fp 86'3@0@9 i? PN 90n9;51%%§ 2SERhlOR R 8Y! QWOQ{WG control

heat si nk/coo Ing Tins I n accofr dance
PCErﬁs@cﬂ&mmeg@!ﬁVd bty PSRN bitd &&,emphmadlty [df&ﬁﬁl]pld?%@ﬁrmuem g4, and a

t .FI ,_there i vi ew of ne act ual
piuieling pEPER piofat it c sbF mafiab OB ChE b sy e oS are vl
knowiv@Rh&xe Skillefl iP@efar m ng PCR reactions. The 11

heating/cooling bl ock 14 is of dinensions chosen as

[0088bpr opr | Reterfing tosIEcT A, thera ppprioviled o mep vwwtdf aprigsulator block with
ren}%%%%lre?% aﬁpcg)n&g%é us:c g}r,rglg rmglgn%rerr\l?v%gufno%ﬁel rch?r{e 0? the present
invention. The insulator block 14 is very similar to the one shown in FIG 7A except that
the metallic heat conductors 12” inside the thermal vias can be manufactured as separate
entities. This allows the conductors and the insulator block to be assembled in a plug-and-
play manner so as to have a flexible and generic design of the insulator block. FIG 9B
shows a cross-sectional view along the D-D’ line of FIG 9A of the insulator block. One of

the removable metallic heat conductors 12’ has been shown separately.



devi ce positioned in suitable areas for uniform and
accurate tenperature neasurenent. FIG 6B shows a
cross-sectional view along the B-B' |ine of FIG 6A of
the heating/cooling block. The heating/cooling block
14 conprises uniformy spaced heater rods or peltier
[oosdjement s Thfs @tpetivelhest infatidiinteanisne &t 4094 eRuRIPOR thermal
t he bl ock, In one enbodi nent, when the
oy fesarithept che Resyioptss dricIobeptgrsaanganicr @ thegmalnisnsors, Thfhfamperature
10 249, 0% A s 8L K UL PP o
heatihg/fcmmlmgmﬁleme P6r mamondmib@smd M ds ihhke ﬁiﬁlg,éioﬁﬁ dﬁQS Jihe

heat er gﬂﬁ peltler elen% are control |l ed by
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scoponguet & Emilsddsbycl.héliematine enbodimeniteoprhesaatent invenuon will
i nvention for, perfarm ng PCR r ions. The insul ato

bec PR S VR IO SETEHS BT ot dpiPopERLEP pigren invention
BRRCT ich ARRlatCahbaNmctsal bt

pel heat conduct g rs 12 ere?bg eéon\?\}d#{]el%ntbtbﬁe&tg%ﬂﬁéﬂd {Nﬁhm the spirit
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appropriate. The air pockets 17 are shomn. [ 0058]
Referring to FIG 8, there is provided one mcrofluidic
chip with PCR reaction chanbers that match the heat
conductors of the insulator block shown in FIG 7A
The mcrofluidic chip 80 showm in FIG 8 conprises a
sanple inlet 81, a positive control PCR site 82, a
negati ve control PCR site 83, a plurality of sanple
PCR sites 84, and a plurality of PCR product outlets
85. The actual PCR reactions and operations are well
known to those skilled in the art. [0059] Referring to
FIG 9A, there is provided a top view of an insul ator
bl ock with renovabl e heat conductors in accordance
wi t h anot her enbodi nent of the present invention. The
i nsul ator block 14 is very simlar to the one shown in
FIG 7A except that the netallic heat conductors 12
i nside the thermal vias can be manufactured as
separate entities. This allows the conductors and the
i nsul ator block to be assenbled in a plug-and- play
manner so as to have a flexible and generic design of
the insulator block. FIG 9B shows a cross-sectiona
view along the DD Iline of FIG 9A of the insulator
bl ock. One of the renovable netallic heat conductors
12' has been shown separately.



12 [0060] This selective heat insulation nechanismis
able to execute PCR thermal cycles wthout the need
to use mcroheaters and mcro thermal sensors. The
tenperature ranp up and ranp down are in the range of
10- 20C or nore per second. The effective
heati ng/ cooling volunme per reaction well on the MIC is
in the range of 5 to 25 ul. 061] Wiile the present

i nvention has been described with reference to
particular enbodi nents, i¢giApvignderstood that the

enbodi nents are illustrative and that the invention
scope is not so limted as such. Alternative

enbodi nents of the present invention will becone
apparent to those having ordinary skill in the art to

Wi‘{?@rﬁ.oﬁglatuﬂ@d present invention pertains. Such alternate
e I'ments are considered to be enconpassed within

the spirit and scope of the present invention.
1.AccoAdningl herntdheydean panpfisibgte present invention is
descri bed by the appended claims and is supported by

o 4 BRI P CRlER iAo et b aiHled 9 Bl Rase is

oW BlmeeHt;:e9ldn@g mechani smthat can be controlled to
i ncrease/ decrease its own tenperatures; and a
sel ective heat insul ation mechani sm being di spose

i mmw%l?%wy hegt inelapign uneqhanisinbries SiSPags n@@ﬂ%dwtglm to the bulk

he\ﬁflﬁé Qltn@j%}e%?%]eglrfa}m?:egg ltﬂan dél@& Feglglfm o%n'}n%&ggﬂwﬁ %8m%rlses a
piumh@uof thesmalhahbs ad a giireligest haat Qoﬁch&:tori ﬁ&t aBd entb@kied into the

B, 178, o i e BEe e G0 G B AP decs s emperatures,
thé rsé%a&é %@ﬁ”ﬁl‘éﬁ‘l@ﬂb]ﬁ 'Hle%ﬁgm%l GGy LRER gnehaliffe %Baﬁgs% pass

to pass rough eat conductors e
thtdwghied heai emduttoey @byeddedarthe dmemizloviachanbers of a
mcrofluidic chip are ali gned with the heat
only the.t ur es reac

ChanderS ey i ol REe A BF aice S G R it the hea

cohﬁﬁctb[@,' Knll?etﬂé 'té’lﬂ#&@tﬁfdsﬂﬁ‘ B ¢ARNbS Fhadberd R HedaSed/decreased by
t her mal cycl er claim1, further conprising a heat

the pomral of ﬂmbsuék b@ﬁma/goolmgemwéamsgvener ated by the bul k
heat i ng/ cool i ng nechani sm wherein the heat sink is

2. The micro thermal cycler of claim 1, further comprising a heat sink for dissipating
the heat generated by the bulk heating/cooling mechanism; wherein the heat sink is
disposed onto the bulk heating/cooling mechanism in opposite to the selective heat

insulation mechanism.

3. The micro thermal cycler of claim 2, wherein the heat sink is made of
metals/ceramics,
4, The micro thermal cycler of claim 1, wherein the bulk heating/cooling mechanism

comprises uniformly spaced heater rods or peltier elements or equivalent for uniform

heating/cooling of the block.



di sposed onto the bul k heating/cooling mechanismin
opposite to the selective heat insulation nechanism
3. The mcro thermal cycler of claim2, wherein the
heat sink is made of netal stf&€eramics. 4. The mcro
thermal cycler of claim1l, wherein the bul k
5. heatrhaghieRPHcREaNBRNG N SThine ATheRES (WNhE@mPl Mo BRACREhent is a
heater rods or peltier elenments or equival ent for
Peltigi glgment Mt thagot sige iang 2o¢old islepindek reversible comdiions as per the
1.che therogpl cycler of claim4, wherein the
Wﬂﬁggpgﬁﬁﬁg%%ﬁing element is a Peltier elenent with the
hot side and a cold side under reversible conditions
as per the voltage bias applied. 6. The mcro thernma

6. cycias musrochem aycleréredain 4.mehaptin keadk heaineaopling mechanism
furfief E&ﬂgﬁggﬁa({nlércﬁ' r}ﬁ&rqu&?ﬁéﬂaﬁgé sé}ﬂglt‘s(%atrﬁgé u{eﬁt@@ %%ﬁf)%raﬁu‘es of the

sensor nmeasur e npéeratures o
bulk dattimgdloobiof heghamestihani sm 7. The micro thermal cycler
of claim1, wherein the selective heat insulation

mechani sm conpri ses an insul ator bl ock nmade of

7. pl aphd %icp@ltyaﬁ{aﬁ:cgeﬁg HNeLeh M L ORereln B gé@sﬁ&' AgX insulation
has the plurality of thermal vias In IC eat
medomiine comprigeeare mpwdided blo8k e of plastidsherdymersc wod evherein the

. f claim?7, ,wherein e heat. conductors are nade of
mstﬂ%%bﬁmg?‘a@r’il%s SRS of e vigs R v cleat poydueters agp embpded.

t he heat conductors are renpvable fromthe therma

vias so that the configuration of the heat conductors
8. i n Themierouhetnesl dyclselol ckam Bewlesingthe heatc cordiictugs tie made of
metﬁPeCi fi c reacti ons. 10. A_ m cr _ofI ui di c d_evi ce for
perform ng chem cal and biol ogical reactions, said
m crofluidic device conprising: a mcrofluidic chip
cowri sing a plurality of reaction chanbers in which
9. t helhecmégsp dhgrmah gy Betobloglpisal7, whewetn Badieaagoridsctary awadmovable

o B DS, YL OIS BBt i o
canbe mpdpatducesrdify thRpedifaaiatynschanbers; wherein said
mcro thermal cycler conprises:
10. A microfluidic device for performing chemical and biological reactions, said
microfluidic device comprising:
a microfluidic chip comprising a plurality of reaction chambers in which the
chemical and biological reaotions.can be allowed; and
a micro thermal cycler for supporting the microfluidic chip and providing selective
controls of temperatures of the reaction chambers;
wherein said micro thermal cycler comprises:
a bulk heating/cooling mechanism that can be controlled to increase/decrease its
own temperatures; and
a selective heat insulation mechanism being disposed immediately to the bulk
heating cooling mechanism, wherein the selective insulation mechanism comprises a

plurality of thermal vias and a plurality of heat conductors that are embedded into the

thermal vias, so that, when the bulk heating/cooling mechanism changes its temperatures,



a bul k heating/cooling nechanismthat can be
controlled to increase/decrease its own tenperatures;
and a sel ective heat insulation nechani sm being
di sposed i Mmedi ately to the bul k heating cooling
mechani sm wherein the sel ective insulation nechani sm
conprises a plurality of thermal vias and a plurality
of heat conductors that argsenbedded into the thernal
vias, so that, when the bulﬁ heat i ng/ cool i ng nmechani sm
changes its tenperatures, 15 the selective heat
i nsul ati on nmechani smcan all ow t he tenperature changes
the sglegsivs hreattinwilagion npdsbariea ca iy dedespaadderaes fo pase through
r gaction chambers of the
ihe'iqlcjaef Q}?t}ucyo dsaanbeﬁiﬁg({ flalbcMe thl‘é{?g% S R the heat
conductors only the tenperatures of the reaction
chatrrebs velree reavtipe asaiadect basddoByidichaip aentigedd with the heat
conmlg?%;f ?rﬁygh tmlag /a@geosloolff Q%ef gaggc?o%ocha&k%r% é}‘c nfr'l?r%@sed/decreased by the
conorsfahid vilk heatBicholiny hb@mnis@onpri ses at | east one
calibration port for calibration of the reactions. 12.

The m cr.of l.ui dic device of ¢ ai 10, wherein_t
Lmi cFsr ptipafiiiden dpvire @i G Ehergh o ma Guigieschip further
con%ﬁls@s@h@@as{ SRMWutitkier & fo@@ﬁlﬂﬁ&tdnﬂﬁt&fleﬁ:% PDMS, PC,
PTFE or their derivatives. 13. The mcrofluidic
devi ce of claim 10, wherein the reaction chanbers

do
12.not Mitapirefluidic devicerahtiaim 46, wiesgin KeemicaalbdipAMD is made of one
eRe Yy Some ipT9as! ¥cl Pp, PTFE

o Lrm’nlt%glﬂc/:rt%r§ Sélg‘i‘ﬁwﬁe&heat c n%lﬁct or séf f"'WI@IA;Ihpcre . o
theimdenattives. di ¢ devi ce of claim 10, wherein the reaction

chanbers have a floor nenber at the bottom of the

3. S0 Bus AR L08R SEAEP o SPIBLE SOl AL LRGP Have o
ﬂo@yﬁéiﬂier by tHahthefrbaaon nml‘dnfats inlfe reddienchandd wiedinectly in contact

.dg§|ce of claim 14, wherein the floor nmenber is

with B AT HE & thin pol yneric menbrane with

t hi ckness ranging from 10 - 50 mcroneters, allow ng

14.t heThd@afroftldit rdaist oF cladnt ve wheaat iHencakiamaiabats tlive a floor
m ni num resi stance. 16. The m crofl ui di c device of

moybeyi arfheolaReY d1arhip: g dial dicdercHmMBEIRNS WIHER HigiTeqchpR chagnbers
wilfhed gél%@d @%hlvvﬁsﬂn&e%hennarafcle%gime Rk BeARe: t he mcro

cycler so as to provid support for the

reaction sanples within the reaqtlon chanbers, .
15.  The microfluidic device of claim 14, wherein the floor member is designed to be a

thin polymeric membrane with thickness ranging from 10 - 50 micrometers, allowing the

heat to transfer to the reaction chambers with minimum resistance.

16.  The microfluidic device of claim 10, wherein a dual side adhesion thermal tape is
disposed between the microfluidic chip and the micro thermal cycler so as to provide

support for the reaction samples within the reaction chambers.

17.  The microfluidic device of claim 10, wherein the micro thermal cycler further

comprises a heat sink for dissipating the heat generated by the bulk heating/cooling



17. The mcrofluidic device of claim 10, wherein the
mcro thermal cycler further conprises a heat sink
for dissipating the heat generated by the bul k
heating/cooling 16 nmechani s wherein the heat sink
i s disposed onto the bul k heating/cooling nmechanismin
meSRRASH; vehdrfn tREh&e LBk tid ¥8pAe@bnionBY balkiHRRLNEEMAL $HBchanism in
18. The mcrofluidic device of claim17, wherein the
oppeeie tostha kelpediviedige! infulatipmtmagobariemani cs. 19. The
m crofl ui dic device of claim10, wherein the bulk
heati ng/ cool i ng nmechani sm conprises uniformy spaced
18.heatps midsfl@ididelelicer oflcBIBN S, Fhceidi W) @Bht sk is made of
uni form heating/cooling of the block. 20. The
meigisigestnigsdi ¢ devi ce of claim 19, wherein the
heating/cooling elenent is a Peltier element with the
hot side and a cold side under reversible conditions
19.as Pey mikrefluidtd devie dfi dsimajipwheekin ik, bullb@earingfooblitig eiechanism
device of claim 19, wherein the bulk heating/coqglin .
corpRidtea ndtormbu prased healvprodedr BHECTOPICMSRE rerAyeYaeni far uniform
ure the tenperatures of the bulk
heafif ??ﬁ%}%ﬁf‘?ﬁ%@*ﬁechamsm 22. The nicrofluidic device
of claim 10, wherein the selective heat insulation

mechani sm conprises an i.nsul ator b ock nmade of .. :
20,07 LB ERPoBR e BT e EH A rhsiein s HapBEoplg gloment is a
Pelfl@SclbABnPHMhahé bt Glle LR8BI ¥d@SumldBr WhefsibiB@Bhditions as per the
conductors are enbedded. 23. The mcrofluidic device
volge blasiappl®&d, wherein the heat conductors are nade of
netal. 24. The mcrofluidic device of claim?22,
wherein the heat conductors are renovable fromthe
21.t heTh@midtbAgi dfoddvitat oftdh@nC O MWig R tHeWu 1P hedth/ddeBAg mechanism
conductors in the insulator block can be designed
furthexc errdpiigss toge P erIE itemperad smsors 2Bat mepsure be demnpergiuges of the
Vi.C fi im.1 wherein the chem cal and
“ﬂgs%ﬁ%§ﬁ%8Pﬁé§§8£P%ﬁl is a PCR reaction; and wherein
the tenperature ranp up and ranp down of the PCR
reaction are nore than 10C per second.

22. The microfluidic device of claim 10, wherein the selective heat insulation
mechanism comprises an insulator block made of plastics/polymers; and wherein the

insulator block has the plurality of thermal vias in which heat conductors are embedded.

23, The microfluidic device of claim 22, wherein the heat conductors are made of
metal.
24. The microfluidic device of claim 22, wherein the heat conductors are removable

from the thermal vias so that the configuration of the heat conductors in the insulator block

can be designed according to specific reactions.

25.  The microfluidic device of claim 10, wherein the chemical and biological reaction
is a PCR reaction; and wherein the temperature ramp up and ramp down of the PCR

reaction are more than 10°C per second.





