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Dielectrophoresi¢DEP)is an electrokinetic phenomenon
that governs the behavior of polarizable, dielectric media
in an external, noumniform electric field 1]. The
phenomean of DEP, in recent yearbhasbeen exploitect
microscopic scalesas a droplet microfluidic (DMF)
sample handling methodolog;wddemonstrated practical
utility to facilitate the electremanipulation of minute
guantities (sub uL to pL) of aqueoussamples on tops of
patterned surfase [2]. Such sample manipulations
include the rapid angrecision dispensing of an array of
daughter drogts from a larger parent sammleoplet, at
specificon-chip locations[2] andthe subsequent transport
of the daughter dropletf?]. The DEP droplet dispensing
and manipulation capabilities have been ugiéd for a
variety of differenton-chip nucleic aciddetectionassays
mostlyusing laboratory gradeynthetic biesamples

The sample handlindimitations for DEP based
DMF devicesoftenarise from surface adsorption and loss
of droplet contact angle wiilworking with enzymes and
other macremolecules 8]. This limitation in sample
handling has however ben overcome recently by
employing DMF devices fabricatedwith Nanotextured
superhydrophobicsurfaceq3]. Thesesuper hydrophobic
DEP microfluidic devices are capable of both dispensing
and subsequemhanipulationof aqueous enzyme, protein
and other large macnmoleculesamplesThe thrust of the
proposedresearchwork focuses on thelevelopment of
DEP based lab-on-chip (LOC) device that integrates
sanple preparation,on-chip nucleic acid amplification
test (NAAT) usinga thermal control unit (TCU}argeted
for thedetectionof Influenza ‘C’virus.

Figure A shows theschematic of the designed
microfluidic device Figure B shows therosssectional
layout of the DEP DMF device The fabricated device
consists of two patterned metal layers. The bottom
metallization layer Z00 nm Cr) is patternedto create
micro-heater and RTD (Resistance Temperature Detector)
sensof labeled as the thermal contrahit in Figure A.
The designed micrbeater and RTD sensor is
schematically shown in Figurd. The TCU layer is
passivated with a 500 nm8i, dielectric layer. The top
metallization layer Z00 nmAl) is patterned to create the
microfluidic electrode architecture, required for the LOC

(A) Schematic of the integrated DMF electrode architecture
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device Schematic of the designed microfluidic electrode
architecture isshown in Figure A. The microfluidic
electrode architecture consists of three different DMF
actuation methodologies, namely: single surface
Electrowetting (EW), Liquid-DEP (L-DEP) and
Electrostatic droplet actuation or, DropBEP (D-DEP).
EW electrode architecture is used to dispersd
combine, large (~ 1 uL) aliquot of cDNA sample,
clinically extractedat the Provincial Health Laboratory,
Calgary, AB,from pdient's nasal swab samples and (~
1ul) aliquot of NAAT master mix.The NAAT master
mix used in this work was formulatepecifically for the
on-chip NAAT detection of Influenza ‘C’ virusThe PCR
Droplet Cyclerelectrode architecture (Figur®) is then
utilized to cycle the prepared PCR sample droplet over
the thermal zonesachieved using th& CU. During this
on-chip NAAT reaction, thePCR droplet iscycledup to

25 timesand a continuous mode Photomultiplier Tube
(PMT) setup is used to extract the redmeé PCR
amplification curve.Subsequently the amplified sample

is diluted (up to 10Xusing a TRISEDTA dilution buffer
andtransferred over to thearentloadingsite of the post
amplification screeningnatrix (FigureA, Figure Q. The
screening matrix s utilized to rapidly analyze the
amplified nucleic acid content using a select set of bio
markers(synthesizedolecular Beacosi MB1 and MB2

in orderto verify the presence or, absence of Influenza
‘C’ virus in theamplified sample.The post amplificatin
detection assay for Influenza ‘C’ virus over a 2x2
multiplexed screeningmatrix, was analyzed using the
PMT basedsetup andthe resultsreported inmicro-
graphs ofFigureC.

The final outcome of the research work will
characterizehe performance of thategrated DEP DMF
technology for onchip NAAT of Influenza virus
detecton in clinical patient samplea comparisorto the
conventional laboratory based NAAiEtection
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