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Fig. 1. (a) Two photos of patterned 10 array GMR-SV devices with 4-probe electrodes. (b) Major MR curves, and minor MR curves measured by

4-probe and 2-probe method, respectively.
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Fig, 2. (a) One photo of the patterned 15 array GMR-SV multi-sensors in the area of 8 x 8 mm? with 2-probe electrode mounted PCB board. (b)
Two photos of close-up features for one sensor array and one device of 20 x 80 um?.
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Fig. 3. MR curves for all GMR-SV devices with 15 array sensors. All
of 15 sensors with Cu electrodes were measured a uniform magnetic
properties (R =51 & H.=250 O¢, H.= 50 Oe, MR =54 %, and
MS = 0.5 %/O¢) by 2-probe method, respectively.
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Fig. 4. Angle dependent MR curves of GMR-SV devices. Here the
angle is one between the induced uniaxial field and the applied
external field. The MR ratio by GMR effect measured at the degree of
0° (easy axis) is higher than one by AMR effect at the degree of 90°
(hard axis).
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Fig. 5. The magnetoresitive working voltages versus the external
magnetic field on array IrMn based on GMR-SV devices. When the
sensing current increased from 1 mA to 10 mA, the output working
voltage uniformly increased from 3.9 mV to 39 mV, respectively. And
the magnetic and working sensitivities were 0.5 %/Oe and 2.4 mV/
Qe, respectively.
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To develop array magnetic sensors, specular-type giant magnetoresistive- spin valve (GMR-SV) film of Glass/Ta(5)/NiFe(7)/
IrMn(10)/NiFe(5)/0,/CoFe(5)/Cu(2.6)/CoFe(5)/O,/NiFe(7)/Ta(5) (nm) was deposited by using a high-vacuum sputtering system. One
of 15 array sensors in the area of 8 x 8 mm? was patterned a size of 20 x 80 pm? in multilayer sample by photo-lithography. All of 15
sensors with Cu electrodes were measured a uniform magnetic properties by 2-probe method. The highest magnetic sensitivity of MR
and output voltage measured nearby an external magnetic field of 5 Oe were MS= 0.5 %/Oe and AV =3.0 mV, respectively. An easy-
axis of top-free layers of CoFe/O,/NiFe with shape anisotropy was perpendicular to one of bottom-pinned layers IrtMn/NiFe/O,/CoFe.
When the sensing current increased from 1 mA to 10 mA, the output working voltage uniformly increased and the magnetic sensitivity
was almost stable to use the nano-magnetic devices with good sensitive properties.

Keywords : array magnetic sensor, gaint magnetoresistive-spin valve (GMR-SV), 2-probe method, magnetic sensitivity,

displacement change sensor



