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Properties of Planar Hall Voltage for the Circular-type GMR-Spin
Valve Multilayer Based on IrMn
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Planar hole resistance (PHR) and planar hole voltage (PHV) characteristics of circular [rMn-based giant magnetoresistance-spin
valve (GMR-SV) type Ta/NiFe/CoFe/Cu/CoFe/IrMn/Ta multilayer films were investigated. The interlayer exchange coupling field,
coerciviy, and magnetoresistance ratio of the GMR-SV multilayer were 12.0 Oe, 5.0 Oe, and 5.4%, respectively. The magnetoresistance
ratio obtained from the PHR curve was 12.56% and the magnetic sensitivity was 0.63%/Oe. In the PHV curve, the linear slope
(sensitive PHV, SPHV) was 120 nV/Oe due to the voltage difference of 2.4 mV in the external magnetic field = 12 Oe. As the current
value increased from 1.6 mA to 15.0 mA, both PHV and SPHV increased linearly. As a method of improving the sensitivity of the
PHR sensor, it is proposed to control the thickness of the Cu layer which can reduce the interchange coupling force in the GMR-SV
multilayer.

Keywords : planar hall resistance (PHR) sensor, sensitive planar hall voltage (SPHV), interlayer exchange coupling field, current
direction, magnetic easy axis
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Fig. 1. (Color online) (a) A rectangular patterned sample by using a shadow mask, (b) the schematic of the circle-type spin valve Si(100)/
Si0,(300 nm)Ta(5 nm)/NiFe(7 nm)/CoFe(2 nm)Cu(2 nm)/CoFe(3 nm)/IrMn(10 nm)/Ta(5 nm) multilayer structure, and (c) a circular patterned
sample with a cross four electrodes by using a shadow mask with the direction of easy axis applied by the uniaxial deposition field.
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Fig. 2. (Color online) (a) Real photography for two patterned samples with a rectangular line-type and a circular cross-type multilayers. The
magnetic easy-axis is the same of current direction through to two electrodes. (b) The major MR curve and (c) the minor MR curve for the
Ta(5 nm)/NiFe(7 nm)/CoFe(2 nm)Cu(2 nm)/CoFe(3 nm)/IrMn(10 nm)/Ta(5 nm) multilayer having a MR = 5.4%. Here, the direction of applied
magnetic field to measure the MR ratio is the longitudinal direction same to magnetic easy axis.
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Fig. 3. (Color online) In the sample having a circular cross-type pattern of Ta(5 nm)/NiFe(7 nm)/CoFe(2 nm)Cu(2 nm)/CoFe(3 nm)/IrMn(10 nm)/
Ta(5 nm) multilayer applied by the uniaxial deposition field, the planar hall magnetoresistance curves measuring according to one rotational angles
(6=0°~360°). Here, the direction of applied magnetic field to measure the MR ratio is the longitudinal direction same to magnetic easy axis.
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CoFe(2 nm)Cu(2 nm)/CoFe(3 nm)/IrMn(10 nm)/Ta(5 nm) multilayer. Insets are shown the real patterns with four electrodes and two directions of

easy axis and H,.
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Fig. 5. (Color online) (a) The planar hall voltage (PHV) curve versus the applied external magnetic field (H.y) for the Ta(5 nm)/NiFe(7 nm)/
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FANA A& F U= AIAFHIZE 12.56%C]13L 0.63%/0e
o] AASES RS}, 3 AR dxlo) lshe A
FEE 1.6 mAIA 150 mAZHA] Z713k) wet HH & A
st A=) SPHVE BF A¥Hog Jrlksiglnt. wdAg
Al 719 GMR-SV tsattellA] s wgkaete ) 2732
HAES Fole= ASIS Cu 59 FA1E Fskshe it A
Az21S A8ete] 2% vlo|Q §AARE JiHE 9F
PHR Al 7§kl 3-8 7}s3slch

AAfel =2
o] E=EL wgRe AYOE FFATAGNRE)] 7%
AT AR S Wl E AT (No. NRF-2016R1D1A1

B039362892] A3},
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