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Fig. 1. Schematic of sample measuring system included PCB zig
stage, microscope, and 4-probe instruments. Here is the detection of
blood and nanoparticles using the high sensitive bio-sensor.
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Fig. 2. Optical images for the red blood liquid with (a) before drop and (b) after drop states on the center cell of GMR-SV sensor.
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Fig. 3. GMR R-H curve. The x-axis and y-axis scales are shown the applied magnetic field (Oe) and magnetoresistance ratio (MR; %). Current
(mA) can be responsible to magnetic field intensity: (a) before drop and (b) after drop of red blood liquid. (¢) Difference of magneoresistance (AR)

between above two states.
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Fig. 4. Optical images for the magnetic nanoparticles with (a) before
drop and (b) after drop states (ring pattern) on the center cell of GMR-
SV sensor.
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Fig. 5. Magnifiecd GMR minor loops of R-H curve for a detecting biosensor of nanoparticles. The multilayer structure is Glass/Ta(SOA)/
NiFe(70A )/Cu(28 A )/NiFe(50A )/FeMn(100A )/ Ta(50A ). Here the corresponding ratio current of magnetic field is 10 mA/3 Oe.
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Fig. 6. Signal detection analysis: (a) minimum, medium, and maximum output voltage depending on the applied magnetic fields for four steps.
(b) Output signal was increased about 8 uV from —14.230 mV to —14.222 mV during 23 s between before and after drop state of nanoparticles.
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In this study, a high sensitive giant magnetoresistance-spin valve (GMR-SV) bio-sensing device with high linearity and very low
hysteresis was fabricated by photolithography and ion beam deposition sputtering system. Detection of the Fe-hemoglobin inside in a
red blood and magnetic nanoparticles using the GMR-SV bio-sensing device was investigated. Here a human’s red blood includes
hemoglobin, and the nanoparticles are the Co-ferrite magnetic particles coated with a shell of amorphous silica which the average size
of the water-soluble bare cobalt nanoparticles was about 9 nm with total size of about 50 nm. When 1 mA sensing current was applied
to the current electrode in the patterned active GMR-SV devices with areas of 5x10 pym® and 2x6é um’, the output signals of the GMR-
SV sensor were about 100 mV and 14 mV, respectively. In addition, the maximum sensitivity of the fabricated GMR-SV sensor was
about 0.1~0.8 %/Oe. The magnitude of output voltage signals was obtained from four-probe magnetoresistive measured system, and
the picture of real-time motion images was monitored by an optical microscope. Even one drop of human blood and nanopartices in
distilled water were found to be enough for detecting and analyzing their signals clearly.

Kev words : magnetic nanoparticles, Fe-hemoglobin, giant magnetoresistance-spin valve (GMR-5SV), biosensor



