1 M CRO THERVAL CYCLER W TH SELECTI VE HEAT | SOLATION Field of the

I nvention [0001] The present invention generally relates to mniature

aut omati on devices, and nore particularly to a mcro thernmal cycler with
sel ective heat isolation. Background of the Invention [0002] Mcrofluidic
t echnol ogy has been applied broadly tolchemcal and bi onedi cal
applications. Mcrofluidic devices offer distinctive advantages of | ow
manuf act ur i nIKRO THERMAR QY ERLER WHH SELEGERE HEABASORXTION and hi gh
degree of automatability. Another advantage is that multiple operations
can be perfornmed simultaneously on a single mcrofluidic platform Yet
anot her advantage is that the dexidefthefavedtnaut omated for chem cal and
bi ol ogi cal assays. [0003] One of the biological assays being the focus for
automation is the polynerase chain reaction (PCR) that artificially
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and the enzyne pol ynerase. For classical PCR assays, conparatively |arge
sanple vol unes (about 500 down to 50 L) are used in conventional

t hernocycl ers. Sanple and device size cause maxi nrum heating and cool i ng
rates of about 2-4 K/s and, therefore, periods for each tenperature cycle
of about 5 m nutes. This neaBackgaunidhf thdrbiventipel i ng process with up to
40 cycles takes at |east 3 hours. [0004] DNA anal ysis using PCR can be
performed using smaller volunes. These volunes can be handled in

mi ni at urto_a@ﬂ devi csﬁcwﬂu@dihowcﬁ%mgytm beat appRatitbaBy 100 chiigRal adavi ces,
hi gh heating and cooling rates up to 50 K/'s canh be realized. Chip devices
on silibomdiiad dppivatimsel dpiecoflwdicadeniodsavffer dedinctize radoyathgesgoplowess.
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transfer to the sarroundi ngs supported for_exanple by a spall fan or other
simultaneously on a single microfluidic platform. Yet another advantage is that the devices
can be automated for chemical and biological assays.
[0003] One of the biological assays being the focus for automation is the
polymerase chain reaction (PCR) that artificially amplifies nucleic acids in-vitro. This

amplification pfocess is realized by a series of temperature cycles applied to the sample

solutions which contain priming molecules for the reaction start, nucleotide triphosphates
and the enzyme polymerase. For classical PCR assays, comparatively large sample
volumes (about 500 down to 50 plL.) are used 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 capaéities. 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 conbinations of different geonmetries and | ayouts of heating,
sensing mcroel ements and die substratgs to enhance the performance of the
PCR device. [0006] Mcrofluidic deviceS are extensively explored for their
applications in bionedical operations, especially in these circunstances
wher e nuefificising hegsetransiasrts the surrquadinigs stipfotedfer exammila§y aranatsfas/gsodesssi ng
ei ther seg uentlally or in parallel. For instance, identifying a target DNA
sequence Bhin a bi ol ogi cal sanmple is very crucial in a large nunber of
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hybridization/sequencing apparatus. It is apparent that these traditional apparatuses are not
satisfactory as demand increases for more genetic information to be found and mined at the
point-of-care in shorter time and at lower costs.

[0007] Rapid heat transfer is crucial for an efficient polymerase chain reaction
(PCR), and this makes temperature control one of the most essential and critical functional
features in a micro-PCR system, which may include heaters and sensors composing a
closed-loop. Yet, the fabrication of the heater and the sensor often prevented micro-PCR
systems from achieving both cost-effectiveness and fabrication-easiness. For most of the
researches micromachining techniques are used to enable sensors and heaters be integrated
on a silicon 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 cromachining of
heaters and tenperature sensors on glass substrates; and 3 [0011]

Pol yner/ Pl astic fabrication with netallization to create heating el enents
and thermal sensors. [0012] Silicon-baged m cro-PCR devices were
facilitated by the mcro-fabrication echnol ogy. Silicon was preferred
because of its high thernmal conductivity and controllable etching
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[0016] In one enbodinent of the gresent invention, there is provided a
m cro miniaturized integrated nucleic acid diagnostic device that can integrate several or all of
the operations involved in sample acquisition and storage, sample preparation and sample
analysis within a single integrated unit. However, the microfluidic chip disclosed therein
integrates fluidic channels and chambers, and electronic components such as detection
sensors, heaters or voltage sources into one chip unit. It is apparent that this device is very
convenient, but not cost effective as a disposable unit.
[0015] On the other end of the integration scale lie devices with no functionality
built onto the microfluidic devices, and the microfluidic devices completely depend on

externally and commercially available devices and equipment to perform the desired

operation. It is apparent that this design offers cost-saving, but is not convenient.
Summary 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 bulk heating/cooling
mechani sm that can be controlled to increase/decrease its own
tenperatures; and a selective heat insulation nechani sm being di sposed

i mmedi ately to the bul k heating cooling mechanism wherein the selective
I nsul ati on nmechani sm conprises a pluralfity of thermal vias and a 4
plurality of heat conductors that are enbedded into the thermal vias, so
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heat embodiment of the micro thermal cycler, the bulk heating/cooling mechanism further

her mal

comprises one or more temperature sensors that measure the temperatures of the bulk
heating/cooling mechanism.

[0019] In another embodiment of the micro thermal cycler, 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. In a further embodiment of the micro thermal cycler, the heat conductors are
made of metal. In yet another further embodiment of the micro thermal cycler, 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.

[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 insulator block can be designed according to
specific reactions. [0020] In another enbodi ment of the present invention,
there is provided a mcrofluidic devige for perform ng chem cal and

bi ol ogi cal reactions. the mcrofluidic” device conprises a mcrofluidic
chip conprising a plurality of reaction chanbers in which the chenical and
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chanber snodhble HEosEMamMBELD thitahe chaemsﬁ @bRrihRen MR refdtioh@hamWers are directly
in contact with the heat conductors. In yet another embodiment of the microfluidic device,
the reaction chambers have a floor member at the bottom of the chip, so that the reaction
samples within the reaction chambers will be separated from the micro thermal cycler by
the floor member. In a further embodiment of the microfluidic device, 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.
[0023] In another embodiment of the microfluidic device, 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. 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 nenber. In a further enbodi mnent of the mcrofluidic device, the
floor menber is designed to be a thin polyneric nenbrane with thickness
ranging from10 - 50 mcroneters, allowing the heat to transfer to the
reacti on chanmbers with m nimum resistance. [0023] In another enbodi nent of
the nicrofluidic device, a dual side afhesion thermal tape i s di sposed
between the mcrofluidic chip and the mcro thermal cycler so as to
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of the PCR reaction are more than 10°C per second.

[0027] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0028] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[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

advant ages of the invention will beconme apparent from the foll ow ng

detail ed description of preferred enbodi nents thereof in connection with

t he acconpanying draw ngs. Brief DeSCJ}i ption of the Draw ngs [0028]

Preferred enbodi nents according to the’present invention will now be

described with reference to the Figures, in which |like reference nunerals
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[ 0035] a rear view of one actual sanplée o eating/ cool i ng
bl ock uBwentipn.t he inventors for perform ng PCR reactions. [0036] FIG 6B

shows a cross-sect] | view along the B-B' |ine of FIG 6A of t.he
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of the i ﬁk%l:llbzttﬂéin%ﬁﬁfﬁ f‘(}ﬁ%é}for ; defRgats conductors used by the inventors
of the present 1nvention for pertormng
[0036] FIG 6B shows a cross-sectional view along the B-B’ line of FIG 6A of the
heating/cooling block.
[0037] FIG 7A shows a top view of one actual sample of the insulator block with

embedded heat conductors used by the inventors of the present invention for performing
PCR reactions.

[0038] FIG 7B shows a cross-sectional view along the C-C’ line of FIG 7A of the
insulator block.

[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 CC
line of FIG 7A of the insulator block. [0039] FIG 8 shows one mcrofluidic
chip with PCR reaction chanbers that match the heat conductors of the

i nsul ator bl ock shown in FIG 7. [0040]_FI G 9A shows a top view of an

insul ator block with removabl e heat c®nductors in accordance with anot her
enbodi nent of the present invention. [0041] FIG 9B shows a cross-sectional
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m crof | uidlidacel Bre hlighedeRfthi @Rctions chambers of a microfluidic chip, the reaction
chambers are heated/cooled directly through the vias while the remaining of the
microfluidic chip is insulated from the heating/cooling cycles. In one embodiment, the
bulk heating/cooling mechanism is a heating/cooling block that is entirely heated/cooled
(e.g., using peltier elements) and controlled through a thermocouple-sensed feedback.
Thus it completely eliminates the need to microfabricate heating and temperature sensing
elements, thereby resulting in significantly lower development and manufacturing costs.
[0046] Prior to more detailed description of the micro thermal 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 FIG 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 microfluidic chip can be made of polymers including but not limited to



chanbers are heated/cooled directly through the vias while the remaining of
the mcrofluidic chip is insulated fromthe heating/cooling cycles. In one
enbodi ment, the bulk heating/cooling nmechanismis a heating/cooling block
that is entirely heated/cooled (e.g., jusing peltier elenents) and
controlled through a thernocoupl e- sensgd feedback. Thus it conpletely
elimnates the need to mcrofabricate heating and tg&serature sensin?
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or their derivatives. [0049] Now referring to FIG 1B, there is provided a
cr oss- setsgetheal with ethe ammngﬂullde: chipAwhien nhe ool Fmer 1ig\ usf:d tfhe mlongfdfuthdu C

chip. The fluidic.chi.p 1 es.t reac nbe t have
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of the chiafenaﬂéhﬁatreaﬁméfahuuwd%@}m Botfonto! theligiceifRAAS eBip UIOEH& ﬂda)e rﬁéhﬁbe@fS the
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m cro ther cycl er oor er 5 cov er can be nade
of any tfeaRepas. ent materials so t hat a user can see t hrough the chip cover
or [0050] In another embodiment of the present invention, the microfluidic chip may
be designed in such a way that the reaction chambers have no floor. The samples within the
reaction chambers are exposed directly to the top of the conductors of the micro thermal
cycler. In another embodiment of the present invention, a dual side adhesion thermal tape
with a wide ranging thickness and good‘electrical resistivity may be disposed between the
microfluidic chip and the micro thermal cycler so as to provide support for the reaction
samples within the reaction chambers. In this configuration, the reaction sample is not in
direct contact with the conductor but the heat is transferred via the thermal tape. This
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 nmenber 5 can
be fabricated together with the mcrofluidic chip when the polyner is used
for making of the mcrofluidic chip. In other enbodi nents, the floor

menber 5 can be made of ot her nateri that can be attached to the bottom
of the mcrofluidic chip. The fl oor er 5 my be designed to be a thin
polymeric menbrane with thickness ranging from10 - 50 mcroneters,
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[0 erring now to FIG 3, there is provided an isometric and exploded view

of the insulator block in an upside down orientation in accordance with one embodiment of
the present invention. In the central part of the insulator block 11, there is one recession
with a plurality of islands forming the thermal vias 16 for inserting the metallic heat
conductors 12. The remaining of the recession forms the air pockets 17. The recession
receives the heating/cooling block 14. FIG 4 shows an isometric view of the assembly of
the insulator block 11 and the heating/cooling block 14.

[0055] Referring to FIG 5A, there is provided a cross-sectional view of the
insulator block 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 nmade of Peltier elenents so that the heating/cooling cycles can be
easily controlled by switching of the current directions. The heat sink 15
can be any suitable materials that havid good heat di ssipation
characteristics. [0053] Many different materials are suitable for making
each conbetisgfcooling block d#tas of timeansmins chederras eppriohdaterfes specificrapphicatons
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[0058] Referring to FIG 8, there is provided one microfluidic chip with PCR
reaction chambers that match the heat conductors of the insulator block shown in FIG 7A.
The microfluidic chip 80 shown in FIG 8 comprises a sample inlet 81, a positive control
PCR site 82, a negative control PCR site 83, a plurality of sample 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 insulator block with
removable heat conductors in accordance with another embodiment of 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.




device positioned in suitable areas for uniformand accurate tenperature
nmeasurenment. FI G 6B shows a cross-sectional view along the B-B |ine of
FI G 6A of the heating/cooling block. The heating/cooling block 14
conprises uniformy spaced heater rods,or peltier elenents or equival ent
for uniform heating/cooling of the bl o%. In one enbodi nent, when the
heating/cooling block 14 is a peltier elenent, it has the hot side 21 and a
col d si d®06® undeThiseglsctivdhheatdosidatidromechkenispeis atle to exqcatrePERASemd| i ed,
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product gulclighd K35 thel BEpdll A1 fiRahEAE ! dupBariad byoRRr Akl Akciftin, known
to those skilled”in the art. [0059] Referring to"FIG 9A, "there is provided
a top view of an insulator block with renovable heat conductors in
accordance w th anot her enbodi nent of the present invention. The insulator
block 14 is very simlar to the one showmn in FIG 7A except that the

metal lic heat conductors 12' inside the thermal vias can be manufactured as
separate entities. This allows the conductors and the insulator 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-sectional view
along the DD line of FIG 9A of the insulator block. One of the renovable
metal lic heat conductors 12' has been shown separately.




12 [0060] This selective heat insulation nmechanismis able to execute PCR
thermal cycles wthout the need to use m croheaters and mcro thernal
sensors. The tenperature ranp up and ranp down are in the range of 10-20C
or nore per second. The effective heatjng/cooling volune per reaction well

on the MICis in the range of 5 to 25 1. [0061] Wile the present
i nvention has been described with reference to particular enbodinents, it
i s understood that the enbodinents are illustrative and that the invention

scope is not so limted as such. Alkﬁggikave enbodi nents of the present
invention will becone apparent to aving ordinary skill in the art
to which the present invention pertains. Such alternate enbodi nents are
considered to be enconpassed within the spirit and scope of the present

i nvent i oWhapsetaiaedifty, the scope of the present invention is described by
t he appended clains and is supported by the foregoing description. 13
CLAIMS What is clained is: 1. A mcro thermal cycler, conprising: a bulk

heat i ng/ tool i AgnidckRcthafha ¥y ¢lBRtomprising controlled to increase/decrease its
own tenperatures; and a selective heat insulation pechani smbeing disposed

i medi at el y t ® bitkehegting/copling meghasiwn ithay cap dR sengailedieingrease/drorease ést i ve

i nsul at i jsmecanprises a plurality of thermal vias and a plurality
of heat %%@@?ﬁ%@ are enbedded into the thernmal vias, so that, when
t he bul k heata nglctivd heqy imBdhtior arechiiingdsing dispesgdeimahediasly td the Bdkecti ve

heat insul ati on mechani sm can allow the tenperature changes pass fhrough
the heat he@REUQCHRE TBrlBRMEEY WiereiRethe elgrHVe ynsdation BeghRisnMCORPrSEt £i on

chanber s,gf,18y %if%éf}h{aﬁ hsCan@y Bluddifty 245‘ 1A orttiubidrd Bt RRALMbERRAYRIOME, Only

t he tenp%ratures 0 e react! ers are 1 ncreased/ decreased by the
control thermdevidm bk thatavhengthe dolki Ingting/cbelimigsmeclanisthehanpey its telnperatiresycl er
of claim {utth

1, r .conprising.a heat sinpk for dissipatjn t he heat
gener at efiepylerye E%ﬁt ko {%H@?@&Bﬁ%‘&%@%ﬂ}%ﬁ@%ﬁ&ﬁ% ichm?gﬁ% PRSAITUERK i s
the heat conductors embedded in the thermal vias;
thereby, when reaction chambers of a microfluidic chip are aligned with the heat
conductors, only the temperatures of the reaction chambers are increased/decreased by the

control of the bulk heating/cooling mechanism.

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

sel ective heat insulation nmechanism 3. The mcro thermal cycler of claim
2, wherein the heat sink is nmade of netals/ceramics. 4. The mcro thernal
cycler of claiml1, wherein the bul k heating/cooling mechanism conprises
uniformy spaced heater rods or pelti &? el enents or equi val ent for uniform
heating/cooling of the block. 14 5. The mcro thermal cycler of claim4,
wher ei n $he h€he mgpcthetmal cysles méralains 4awhpxsin ther hesitiogenoling element ihat si de

o 1 ed. PauS R Fln (G RREIOk 5o & SRR IR R M PhbA R B the

heat i ng/ ¢slglst Biasapsiiedni sm further conprises one or nore tenperature
sensors that nmeasure the tenperatures of the bulk heating/cooling
mechanism 7. The mcro thermal cycler of claim1l, wherein the selective

heat insyl ati ; j [l | t | .

pl asti cs?’pol y%er ?ﬁgwg%%c?%p@ﬁzﬁgﬁ Lﬁ&l}eg%}g lrﬂ%blﬁglé %e%g@/@gg%%rc lzliarnll n)l/ of
thermal further comprides bnB@atmarenepéatuse ssrosthaddetiursSthe ibBpfatiies e mal
cycler of claim7, wherein the heat conductors are made of netal. 9. The
m cro t hBHkiFatg@oghngmeehanism.7, wherein the heat conductors are renovabl e
fromthe thermal vias so that the configuration of the heat conductors in
the insul ator block can be designed according to specific reactions. 10. A
m crof | ur.di ¢ Tk intierd diermet fogeler g clamvi Igavhawih theokegeitad hestanisulatien sai d

m crofluidic device conprising: a mgerof|uidic ¢hip conprising a plurality
of react PERACHEHSERBTI i e eblochantdsap alsateynlgreaand e"gl&(‘?larfg‘ecan be
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and providing selective rols of tenmperatures o e reaction chanbers;
wherein said mcro thermal cycler conprises:

8. The micro thermal cycler of claim 7, wherein the heat conductors are made of
metal.
9. The micro thermal cycler of claim 7, 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.

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 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 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

i ncrease/ decrease its own tenperatures; and a sel ective heat insulation
mechani sm bei ng di sposed imediately to the bulk heating cooling

mechani sm wherein the selective insulation nechani smconprises a
plurality of thermal vias and a pl ural1i5ty of heat conductors that are
enbedded into the thermal vias, so that, when the bul k heating/cooling
mechani stime cshhn@%héatt $nsullamipe maﬁzohamism chﬁ atllmew teltempérawird elzanges pads dhioogh
mechani s éﬂf%the t ﬁ}?& ges pass t hrough the heat
conducto ™ f e‘m é’la’thereby, when reaction chanbers of
the mcrofl U' ﬂibfébﬂ hWHerﬁfeﬁctﬁJn' dRRMe dfhd Rfcrbaailic &%@Qﬂécdl@h& wahltie hde
tenperatures of the reaction chanbers are increased/ decreased by the
control efmduefershanly thetenineyteros bf thy reantieashambers are Mbrsaseidileorepseiddiycthelevi ce

of claim [ the crofluidic chip further conprises at |east one
cal i brat?ocg‘gmbé\ﬂ?’ ggﬂd},@ﬁ‘iu? Oﬁllngﬁneg B reactions. 12. The nicrofluidic

device of claim 10, wherein the mcrofluidic chip is nmade of one or two
pol yners sel ected fromthe group consisting of PMVA, PDMS, PC PP, PTFE or
their deti-vat Thesmicroluidigedatiies of |alaigl d Odentiessin ghe anisroflaidic whipr &irther he

reacti one E?%gﬁeg?oﬁeoéah%?an%ﬁ@ f|01O gahbga%%g%{fr}%oregcl@%}lst he reaction

naterlals e reaction c¢ ar e 'n contact with the heat
conduct ors 14. The mcrofluidic deV| ce of claim 10, wherein the reaction
chanbers have a floor . nenber at the bottom of the chip, so that the
reaction %ain%nwr?ﬂwﬁlq%élqe@i@iql@nl mmﬂ@ mcmﬂ%@%bmsa@@e of 08%n t he
mcro th I r I of
clai m 147 Sher B ne el orh Dl TP EORiinbof PHIB G, REF B TREST

menbr anetheir darivdtivekness rangi ng from 10 - 50 m cr oneters, allow ng the
heat to transfer to the reaction chanbers with m ni numresistance. 16. The
m crofluidic device of claim 10, wherein a dual side adhesion thernal tape

is disppsed pri WeepLilR dBvided Wit , %He&lﬁlﬁ{é felGioN HambbREIR: Havsher so

as to provide support for the reaction sanples wthin the reaction
chanber sfloor member so that the reaction materials in the reaction chambers are directly in contact

with the heat conductors.

14. The microfluidic device of claim 10, wherein the reaction chambers have a floor
member at the bottom of the chip, so that the reaction samples within the reaction

chambers will be separated from the micro thermal cycler by the floor member.

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 claim10, wherein the mcro thermal cycler
further conprises a heat sink for dissipating the heat generated by the

bul k heating/cooling 16 mechanism wherein the heat sink is disposed onto

t he bul k heating/cooling mechanismin fypp03|te to the selective heat

i nsul ati on nmechanism 18. The m crofl u1i di c device of claim 17, wherein the
heat sink is made of netals/ceranics. 19. The microfluidic devi ce of claim

10, wher Bicghansen; plierein dhg hwgﬁi@béff figposed ehterthe Rulkdwapng/eeadingAngchpmsy 18 paced
heat er I [ ent for uniform heating/cooling
of the b?@&kﬁégﬂﬁé%ﬂgﬁﬁgéggﬁ &mlggg?%g&bf claim19, wherein the

heating/cooling elenent is a Peltler element with the hot side and a cold
si de under reversible conditions as_per the voltage bias_applied, 21. The

mcrof | ui i c 4BYimkrefuidicidsvics, ofusdaiar 47t nehaseink thee derh gitkods imedendEhani sm

further ﬁ@ﬁﬂié £5ic9Ne Or nore tenperature sensors t hat neasure the
t enper at ures o? lﬁ bul k heating/cooling mechanism 22. The mcrofluidic
devi ce of claim 10, vvherei n the sel ecti ve heat i nsul ation nechani sm

conpri se sul. at tlcs ners; wherein the

i nsul at of? blot H&?OﬁWQI qwe%%ﬁ%ﬁl gpﬁm%ﬁﬁﬁﬁﬂﬁ%éFm YWct or s
are enbe I i at
conductors arseegfrha }ﬂ%? gﬁéh%%@}f& ﬁlagrg{) gjl@cg%e %Eﬁfﬁ{:ﬁ%ﬁ%ﬁgz
wherein hﬂmng@wMH@nﬂdh@bbck are renovabl e fron1the thermal vias so that

the configuration of the heat conductors in the insulator block can be
desi gned according to specific reactions. 25. The m crofluidic device of

cl ai m 109 WhetTgd mitheuid1eWebRl ANdaii 9HOGhERIN FRARLAIRAB/cobBnd cRaRnk gagt i ON;
and wherein the tenperature ranp up and ranp down of the P reaction are
nor e t haBeltienelepent wibdhel hot side and a cold side under reversible conditions as per the

voltage bias applied.

21.  The microfluidic device of claim 19, wherein the bulk heating/cooling mechanism
further comprises one or more temperature sensors that measure the temperatures of the

bulk heating/cooling mechanism.

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.




