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Recent years have seen an increasing range of planar Hall resistive (PHR) sensor applications in the field of

magnetic sensing. This study describes a new application of the PHR sensor to monitor a current. Initially,

thermal drift experiments of the PHR sensor are performed, to determine the accuracy of the PHR signal

output. The results of the thermal drift experiments show that there is no considerable drift in the signals

attained from 0.1, 0.5, 1 and 2 mA current. Consequently, the PHR sensor provides adequate accuracy of the

signal output, to perform the current monitoring experiments. The performances of the PHR sensor with

bilayer and trilayer structures are then tested. The minimum detectable currents of the PHR sensor using

bilayer and trilayer structures are 0.51 µA and 54 nA, respectively. Therefore, the PHR sensor having trilayer

structure is the better choice to detect ultra low current of few tens nanoampere.
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1. Introduction

Electric current measurement is a significant importance

in many applications, including power, industrial, auto-

mobile and domestic applications. Various commonly used

current sensors are available, and include shunt resistors,

Rogowski coils, current transformers, Hall sensors, and

fiber-optic current sensors [1-5]. These commercial sensors

have many limitations; for example, shunt resistors are

limited to use in high-current applications, due to high

power losses; while Rogowski coils are not suitable for

the measurement of low-frequency currents, as the output

of the coil must be passed through an integrator circuit,

and the practical integrator is not perfect, and shows some

input off-set voltage [6]. Current transformers are similar

to Rogoswki coils, but in current transformers, the magneti-

zing inductance is not ideal, but shows some hysteresis

and saturation [7]. Hall Effect sensors show high offset

voltages and temperature effects, which ultimately influence

the sensitivity of the sensor [8]. The fiber optic current

sensor is expensive, and sometimes not useful for the

measurement of small current [9]. Overall, almost all the

sensing methods have some limitation for the measurement

of current. Hence, there is need to develop a sensor with

high performance and good characteristics, for the mea-

surement and monitoring of a current.

Magnetic current sensors, such as the Giant Magneto

Resistance (GMR) and Anisotropic Magneto Resistance

(AMR) sensor, have also been developed to measure electric

current [10, 11]. However, the AMR and GMR magnetic

current sensors have various weaknesses, including high

thermal drift and non-linear behavior, which prevents

their utility in current sensing applications. Recently, Planar

Hall Resistive (PHR) magnetic sensors have proven their

usefulness in various applications [12, 13]. PHR sensors

are more sensitive and reliable than other sensors; and

undesired effects, like non-linearity, hysteresis, saturation

and thermal drift, can be avoided, by employing an ap-

propriate technique [14]. These properties make the PHR

sensor suitable for the measurement of current. Hence, we

have developed a PHR-based magnetic current sensor.

In this paper, we fabricated PHR magnetic sensors with

both bilayer and trilayer structure, and applied them for

the measurement and monitoring of a current. The linearity

of the output voltage versus applied current was measured

for both bilayer and trilayer structure. The sensitivities of

both types of sensors were calculated and compared, and

the results showed that the trilayer structured sensor has

higher sensitivity than the bilayer structure. The thermal

drift and current response of the PHR sensors were mea-
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sured, to confirm their stability and resolution in current

sensing.

2. Experimental Details

The PHR sensors of 50 µm × 50 µm, with either bilayer

or trilayer structure, were patterned on a silicon wafer,

using photo resist AZ 5214E (MicroChemicals, Germany),

with conventional photolithography and lift-off technique.

In brief, an active sensing junction of 50 µm × 50 µm was

stenciled on the photo resist, coated on the cleaned silicon

substrate by developer, and rinsed with water. Both

bilayer Ta(3 nm)/NiFe(10 nm)/IrMn(10 nm)/Ta(3 nm) and

trilayer Ta(3 nm)/NiFe(10 nm)/Cu(1.2 nm)/IrMn(10 nm)/

Ta(3 nm) structures were sputtered on the stenciled sens-

ing junction of the silicon wafer, by DC magneto sputter-

ing system, under a working pressure of 3 mTorr. A

schematic of the layered structures is shown in Fig. 1(a).

During the deposition process, a uniform magnetic field

of 100 Oe was applied parallel to the film plane, to induce

a magnetic anisotropy of ferromagnetic (FM) layers, and

to align the pinning direction of the antiferromagnetic

(AFM) IrMn layer, which fixed the easy axis of the

sensor to the field direction. The photoresist was removed

by a lift-off process, leaving the bilayer/trilayer sensing

junction of 50 μm × 50 μm structures on the silicon wafer

substrate.

Electrodes of Ta (10 nm)/Au (150 nm) were fabricated

to connect the sensor junction by a similar type of photo-

lithography and lift-off process, and DC magnetron sputter-

ing, for the measurement of electric circuitry. Subsequent-

ly, the sensor junctions and electrodes were passivated

with a layer of SiO2 of 150 nm thicknesses by RF mag-

netron sputtering, to protect the sensor junctions and

electrodes from corrosion. The SiO2 substrate containing

both bilayer and trilayer sensors was attached to the PCB.

The sensors and the PCB were connected, by using Au

micro-wire bonding (7476D, West Bond Inc. USA), and

the electrical connection was coated with epoxy, for pro-

tection from the environment. More details of the sensor

fabrication process are described elsewhere [15]. A similar

type of photolithography and the aforementioned lift-off

process was used for the making of the current line

(diagonally to the line), as shown in Fig. 1(b). The current

line was 50 µm wide and 200 nm thick. The measured

current was applied along the line. The measured current

produces a magnetic field on the PHR sensor, as shown in

Fig. 1(c), and develops PHR voltage between the elec-

trodes of +V and –V, when the driving current flows

between the electrodes of +I and –I, as shown in Fig.

1(b). The PHR sensor was placed at the centre between

two Helmholtz coil systems, for the generation of a

uniform magnetic field. A 1 mA current was applied to

the PHE sensor, using a current source (Keithley 6220,

USA). The DC current applied to the measuring current

line (diagonally to the line) was from a source meter

(Keithley 2400, USA). The change in output voltage of

the PHR sensor was measured, using a Nanovoltmeter

(Keithley 2182A, USA).

3. Results and Discussion

3.1. Characterization of sensor

Fig. 2 shows the PHR voltage (V
o
) profiles as a function

of the applied field (H) in the range of ± 200 Oe of the

PHR sensors, based on the bilayer (black color curve),

and trilayer (red color curve) structures. The comparison

shows that (i) the PHR voltage peak of the sensor by

means of the trilayer structure, at about 107 µV, is nearly

similar to that of the bilayer structure (121 µV); and (ii)

the field at the peak of the PHR voltage profile of the

sensor by means of the trilayer structure, of about 30 Oe,

is 5.5 times larger than that of the bilayer structure (~165

Oe). This suggests that the field sensitivity (S = ΔV
o
/ΔH,

the slope of the linear part, as shown in Fig. 2) of the

sensor by means of the trilayer structure is high. The

calculated sensitivity (S) values of the trilayer and bilayer

structures are 11.8 and 1.6 µV/Oe, respectively. These

values support the conclusion that the field sensitivity of

Fig. 1. (Color online) (a) Schematic view of bilayer and

trilayer structures, (b) microscopic image of PHR, which

represent the PHR voltage between the electrodes of +V and –

V, when the driving current flows between the electrodes of +I

and –I, and (c) schematic representation of the magnetic field

on the PHR sensor produced from the measured current.
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the trilayer structure is higher, with respect to the bilayer

structure, by a factor of 7.3 times.

3.2. Thermal drift measurement of the PHR sensor

Before proceeding to perform the current monitoring

experiments, we perform thermal drift (internal heating of

sensor due to driving current) experiments, to determine

the signal output stability. Fig. 3 shows the change of

PHR signal with time, under 0.1, 0.5, 1 and 2 mA driving

current for the bilayer structure. By means of the PHR

sensor, no considerable thermal drift was observed in the

signals resulted from 0.1, 0.5, 1 and 2 mA current. There-

fore, the PHR sensor provides stability in the signal output,

for long-term performance of the current monitoring

experiments.

3.3. Current monitoring

Fig. 4 shows the response curve of the PHR current

sensor using the bilayer structure. As the applied current

increases to 10 µA, the output voltage of sensor also

increases to 687.87 nV. The sensor output voltage linearly

increases with the DC current. The slope (r1) of this curve

is 68.8 nV/µA. This means that a change of 1 nV output

voltage is equal to applying a DC current of 14.5 nA.

However, the noise level of PHR output voltage is 35.08

nV. Therefore, the resolution of DC current using the

bilayer structured PHR sensor is 35.08 nV/(68.8nV/µA) =

0.51 µA.

The response curve of the trilayer structure is shown in

Fig. 5. The sensor output voltage linearly increases with

the DC current, as in the bilayer structure. As the applied

current increases to 500 nA, the output voltage also

increases to 371 nV. The slope (r2) of this curve is 0.74

nV/nA. This means that a change of 1 nV output voltage

is equal to applying a DC current of 1.35 nA. However,

the noise level of the output voltage is 40.40 nV. As a

Fig. 2. (Color online) The output voltage versus magnetic-

field characteristic curves of the PHR sensor of bilayer and

trilayer structures.

Fig. 3. (Color online) Thermal drift in output voltage of the

bilayer PHR sensor, under various driving current.

Fig. 4. (Color online) Characteristic curve of the PHR current

sensor, using bilayer structure.

Fig. 5. (Color online) Characteristic curve of the PHR current

sensor, using trilayer structure.



− 154 − Planar Hall Resistance Sensor for Monitoring Current − KunWoo Kim et al.

result, the resolution of DC current using the trilayer

structure is 40.40 nV/(0.74 nV/nA) = 54 nA. Therefore,

in comparison with the bilayer structured PHR, the tri-

layer structured PHR shows a resolution of about 50 nA,

which is almost 10 times less than for the bilayer struc-

ture. As discussed in an earlier section in relation to Fig.

2, the PHR sensor with trilayer structure is more sensitive

than the PHR sensor with bilayer structure, and the results

of current monitoring also show good agreement with

these results.

4. Conclusions

In this study, a new application of the PHR sensor to

monitor current has been investigated. The output volt-

ages of both bilayer and trilayer PHR structures increase

with an applied current, and show good linearity. The

minimum detection limit of the PHR current sensor with

bilayer and trilayer PHR structures showed 0.51 µA and

54 nA respectively. Therefore, between the bilayer and

trilayer PHR sensors, the results show that the PHR

sensor with trilayer structure is the best choice, to detect

ultra low current of the few tens nanoampere range.
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