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Realizing Rapid On-site SNP (Single Nucleotide Polymorphism) Diagnosis
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Abstract

A microfluidic chip for genetic diagnosis using a microliter of blood is proposed. It enables rapid and on-site diagnosis
concerning the effectiveness and/or side effects of a medicine for a patient. The key components of the chip are micro-pumps based
on conductive polymer actuation, generating MPa-order high pressure, a DNA separation filter consisting of an ordered array of Si
micro-pillars enabling separation of DNA segments with different lengths in few seconds, a micro Polymerase Chain Reaction (PCR)
that multiplies DNA segments by optimized heating/cooling control, and a sensor for detecting a Single Nucleotide Polymorphism
(SNP). These microfluidic components can be miniaturized with integrated design and mounted to a small chip.
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Fig. 1 (a) Schematic drawing of SNP detection chip and (b) functional

(b)

blocks of SNP detection system
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Fig. 2 Operating principle of CP actuator, (a) device structure and
electrical circuit for operation, (b) microscopic representation of

shrinking/expanding cycle
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Fig. 3 Pump structure and picture, (a) schematic drawing of stacked CP

actuator layers, (b) cross section of pump, (¢) photograph of pump
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Fig. 4 Performance of pump with 8 stacked CP actuator layers, (a)
displacement and cavity volume change against square wave

voltage input, (b) initial cavity volume change dependence on load
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Fig. 5 Plane view of PCR and thermal simulation result.
Central part is reaction chamber. Except spiraled inlet and outlet
channels, Si wafer is etched completely from backside of wafer

and reaction chamber is thermally isolated.
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Fig. 6 Details of DNA filter, (a) over-all structure, (b) SEM images of
parts. Pillars are 25 um high and 2 um wide, with inter-pillar

distance of 1 um.
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Fig. 7 Results of DNA filter characterization by after injection of mixture of
2 DNA segments (300 and 400 base pairs long), (a) camera images
and schematic drawings of DNA separation, (b) separation time

dependence of peak to peak distance and half width at half maximum
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Fig. 8 Schematic drawing of newly-developed ultra tiny SNP sensor
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Fig. 9 (a) Electrochemical measurement performance with different
chamber volume, (b) Oxidation current dependence on surface

area size of sensor electrodes
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