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Abstract

Two types omicrofluidic devices for the implementation gfolymerase chain reactiofPCR)
are compared through a computational studyCR is used for the amplification of
deoxyribonucleicacid (DNA) and involves thermal cycles in three temperature steps with
typical values 085 C (denaturation)55°C (annealing, and 72 C(extension). The firstevice

isa continuous flondevice and the second is a static chamber devitéhe first device the
thermal cycles are implemented with the flow of DNA sample through the microchannels
passing repeatedly from different thermal zoné&sthe second devicéhe thermal cycles are
implementedthrough appropriatetime-variation of the temperatureof the staticchamber.
The geometricaspecificationdor both devices arémposed fromthe flexible printed circuit
(FPCjechnology

The mathematical model coupléke equationsof laminar flow, heat transfer in both solid
and fluid, mass conservation of species, joule heatamyl temperature control feedback.
The comparison is performed undédentical conditions; the same material stagki.e.
flexible thin polymeiic films with metal layers for integration ofmicroheaters the same
volume of PCR mixtureandthe same PCR protocol. Performance is quantified in terms of
DNA amplification, energy consumption, and total operating time. The calculations show
that the efficiency of DNA amplificatiois almost the sameén both devices. However,
contrary to what is generally believedhe static chamber device fabricated on thin
substrates(<1000>m), despite the necessary temperature ramping up within each thermal
cycle, requires @-4 timeg lower energy consumptiorcompared to the continuous flow
device. The constant energy losses to the ambient continuously during the operation of the
continuous flow device overcome the energy required for the thermal cycling of thie stat
chamber device. However, this result is reversed when dhbstrate thickness increases
above 1000>m. Concerning the speed, the total time required for the static chamber device
to complete a specified number of thermal cyclesonly 1.1 to 2 greatethan that of the
continuous flow deviceThis outcome is satisfactoryivgn that in the static chamber device
both the PCR sample and the device undergo the thermal auetepccurdue to relatively
rapid heating and cooling rates for such thin subsigaThese advantages for static chamber
micro-PCR devices arise as a result of the small substrate thickness where microchannels and
microheaters are closely spacdgloth the low energy consumption as well as the inherent
protocol flexibility indicate an tiractive potential for static chambemicro-PCR devices
realized on flexiblethin substrates with integrated microheatef®r Labon-a-Chip (LoC)
systems

Apart from the comparison of the two types of devices, a design of a continuous flow
microfluidic device witha smaller footprint is implementetdhrough a computational study.
The small footprinmaybe necessary for the LoC system integration. Howévexduces the
overall length of theheatersand the temperature controller specifications are not mé&y
integrating multiple metallic layerausing the printed circuit boardPCB)technology, the
minimum resistance values at the heaters are metreasingthough the thickness of the
device At the same time, the materials of low cost and commerciallgilable PCB
technology exhibit high Hplane thermal conductivity. Therefore the combination of
increased device thickness and high thermal conductivitydéadhe lack of temperature



uniformity in the thermal zones and lack of thermal isolation betweise zones
deteriorating the device efficiency. The computational study shows that the thermal
isolation between the zoneswith the smaller footprint is improved by adistance
optimization between the thermal zonesFurther improvement is achieved, and
consequentlyan efficient device is proposedyy the formationof trenchesbetween the
zones
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Denaturation: (273+96)[K] = 369K
Extension: (273+72)[K] = 345K
Annealing: (273+55)[K] = 328K
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