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Fabrication and Property of Three Helical Coils and Dual-type GMR-SV Device
for Application of Biosensor
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We fabricated the GMR-SV device composed of three helical coils, for application as biosensors using by lithography. Ar-ion
milling, and lift-off processes. Three different helical coils of Cu films were placed on the center of the GMR-SV with a width of
2 um. A SiO, film of 100 nm thick was deposited as a insulating layer so that the center of the lower helical coil layer and the upper
layer of coil electrode was separated. When the same dc current of 10 mA was applied to the coils of 2 turn, 3 turn, and 4 turn, the
maximum magnetic flux density values at the center z=0, which is perpendicular to the coil plane, were 1820 uT, 2400 uT and
3090 pT, respectively. The magnetoresistance ratio of the GMR-SV device measured with two terminals was 2.08 %, but it had almost
linear hysteresis property and the average magnetic field sensitivity was 0.2 %/Oe or less. When multiple magnetic beads adsorbed on
the surface of red blood cells pass through a 8 um width of PR channel, the currents induced to the respective coils of three multi-turns
are generated as an enough magnetic field to capture those. After stopping the red blood cells, there is a possibility that the output
signal value of the GMR-SV device as bisosenor can be detected.
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Fig. 1. (Color online) (a) GMR-SV devices of 66 number with 2-probe Cu electrodes, (b) GMR-SV devices of 9 number and p-coil of 9 number
with 2-probe Cu electrodes, (c) three different turn pi-coils patterned by photo lithography and ECR Ar-ion milling, and lift-off process.
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Fig. 2. (Color online) (a) Dual-type GMR-SV films patterned by shadow metal mask in order to measure the MR curves. (b) GMR-SV device with
2 um x 18 pum size etched by ECR Ar-ion milling, (¢) Dual-type GMR-SV p-device with 2-probe Cu electrodes. (d) Composited dual-type GMR-
SV p-device, four multi turn p-coil, and PR one pi-channel with a width of 8 um.
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Fig. 3. (Color online) Composited dual-type GMR-SV p-device and two turn, (b) three turn, and (c) four turn p-coil. The center GMR-SV device

coincides to one multi turn pi-coil.
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Fig. 4. (Color online) The surface magnetic flux density (B L) values in the each center (z = 0) of four multi turn p-coils according to the applied
dc current having 10 mA. Inset four figures from a single turn to four types of multi turn p-coils after deposition of the Cu layer as current

electrode.
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Fig. 5. (Color online) (a) Real images for RBCs combined with MBs in such a way that 7~9 MBs were positioned in the center part or at the edge
part of one RBC by organic chemical binding. (b) Visualization of the flow with each top view for MBs coupled to RBCs passed through four

multi turn p-coils with PR p-channel above GMR-SV device.
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Fig. 6. (Color online) (a) Major MR curve and (b) minor MR curve of dual-type GMR-SV film measured by four-probe method, and (c) minor
MR curve of GMR-SV device measured by four-probe method. The circle numbers show that the changing stages of magnetization spin arrays of
typical magnetic domains from @ point to @ and from @ to 3 point on the dual-type GMR-SV multilayers.
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