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Fig. 1. Ring Type Spin Valve Sensors for Quantifiable Magnetic 
Beads Detection. Dark spheres are magnetic beads with 2.8 µm 
diameter.
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Fig. 1. Overall image of the second order gradiometer.
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Detection of biomolecular interaction is extremely important issue in medical and biosensor research and development field. 
During the last few years, biomolecules detection using magnetic beads as biomolecule labels showed a new opportunity for 
biological and medical diagnostic device applications [1, 2]. In the magnetic label based biosensor device applications, 
detection of the single superparamagnetic bead is one of the key issues. Recently, several on-chip magnetic sensors such as 
giant magneto-resistance sensors and spin valve sensors 
with strip line geometries have been demonstrated as a 
biosensor for the single magnetic bead detections [3, 4]. 
However quantifiable magnetic bead detection was rarely 
reported. On the other way, ring type sensors were attracted 
for the use of magnetic memory, logic, and digital magnetic 
bead detections [5, 6]. In this study, we report the results 
for superparamagnetic beads detection by using ring type 
magnetic spin valve biosensors. Here, we describe the 
design and performance of our magnetic ring sensors for 
single magnetic bead detection. We have quantifiably 
detected the presence of single magnetic beads with size of 
2.8 um on the ring type spin valve magnetic sensors. Our 
results suggest that the ring type magnetic sensors can be 
expected to for magnetic biochip system with high 
sensitivity and selectivity. 
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 We fabricated a low-TC second-order superconducting quantum interference device (SQUID) gradiometer to measure 
magnetocadiography (MCG) in unshielded environments. The second-order gradiometer cosisted of the pick-up coil and the 
SQUID. The pick-up coil is formed with two single-turn coils and one double-turn coil. The three coils are connected in order 
of single, double, and single-turn coil. The coupling polarity of two side coils is opposite to the center coil. The SQUID is 
based on double relaxation ocillation SQUID ( DROS), which consists of a hystretic 

signal SQUID, a referene junction, and shunted a 
relaxation circuit with a resistor and an inductor [1]. Since 
the DROS has 10 times larger flux-to-voltage transfer 
coefficient (~1mV/Φ0) than the conventional SQUID, 
SQUID could be operated with a simple flux-locked loop 
circuit [2]. The pick-up coil and the SQUID were fabricated 
on the independent wafers and connected 
superconductively using a Nb wire. The overall size of 
the second-order gradiometer is 94 × 12 mm with a 
baseline of 35 mm. The average field noise was about 8 
fT/√Hz at 100 Hz, when operated the second-order 
gradiometer in shieled or unshieded environment [3]. 
The noise level is low enough to measure MCG signals 
in the unshielded environment. Finally, 

we measure the MCG in shielded and unshielded 
environments by using the second-order gradiometer 
and compared the signal characteristics measured in 
both environments. 
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Fig. 2. The MCG signal in unshielded environment.


