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The Study on a High Sensitivity as Planar Hall Biosensor
by using the NiFe/Ta(t)/NiFe Film
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As a device that measures a fine magnetic field to be used as a biosensor, a simple multilayered cross-shaped current and voltage
terminals are formed. The sensitivity of planar Hall voltage sensitivity (SPHV) were obtained from the planar Hall voltage (PHV)
curve, which was measured by applying an external magnetic field perpendicular to the magnetization easy axis. The PHV curve for
the NiFe(6 nm)/Ta(20 nm)/NiFe(6 nm) multilayer changed linearly in the region of +£0.9 Oe, and the SPHV was 500 uV/Oe. In
particular, as the increased sensing current from 1.0 mA to 40 mA, the SPHV was from 2.0 mV/Oe to 398 uV/Oe. These results
suggested the possibility of developing a PHR biosensor with high sensitivity even with a multilayer structure formed of a bottom Ta

layer and a ferromagnetic NiFe layer.
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Fig. 1. (Color online) Three different types of the multilayer samples having (a) a single ferromagnetic layer (Type A), (b) and (c) a dual
ferromagnetic layers (Type B and Type C). Here the thicknesses of middle Ta layer for Type B and Type C are the 2 nm and 20 nm, respectively.
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Fig. 2. (Color online) (a) Photo image of one cross patterned sample
by using a shadow mask. In the multilayer sample having a width of
1 mm formed (b) the rotation angle (0) between the magnetic easy
axis and the applied field direction. Here the sensing current is
1.0 mA~40 mA for measuring the PHV curve.
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Fig. 3. PHV curves for (a) the Ta(5 nm)/NiFe(6 nm)//Ta(5 nm) multilayer, (b) the Ta(5 nm)/NiFe(6 nm)/Ta(2 nm)/NiFe(6 nm)/Ta(5 nm) multilayer,
and (c) the Ta(5 nm)/NiFe(6 nm)/Ta(20 nm)/NiFe(6 nm)/Ta(5 nm) multilayer measured at room temperature in external magnetic fields +£10 Oe.
The measured value of APHV from PHV curves are (a) 1.970 mV, (b) 0.757 mV, and (c) 1.058 mV, respectively. Here a value of sensing current is

10 mA.
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Fig. 4. In the sample having a thickness of Ta(5 nm)/NiFe(6 nm)/Ta(20 nm)/NiFe(6 nm)/Ta(5 nm) applied by the uniaxial deposition field, the
PHYV curves measuring according to one rotational angles (6= 0°, 90°, 180°, and 270°).
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Fig. 5. (Color online) PHV curves for the Ta(5 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) multilayer measured at room temperature 77 K in
external magnetic fields of (a) 22 Oe~+30 Oe, (b) —6 Oe~+15 Oe, (c) —2 Oe~+10 Oe, and (d) —0.9 Oe~+10 Oe. In the neighbor region of external
magnetic field of 0 Oe, the values of APHV and SPHV are 1.032 mV and 500 puV/Oe, respectively.
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