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A pin type current probe using Planar Hall Resistance magnetic sensor
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Abstract

For the characterization or failure analysis of electronic devices such as PCB (printed circuit boards), the most common method is
the measurement of voltage waveforms with an oscilloscope. However, because there are many types of problems that cannot be
detected by voltage waveform analysis, several other methods such as X-ray transmission, infrared imaging, or eddy current mea-
surement have been applied for these analyses. However, these methods have also been limited to general analyses because they are
partially useful in detecting physical defects, such as disconnections or short circuits. Fundamentally current waveform measurements
during the operation of electronic devices need to be performed, however, commercially available current sensors have not yet been
developed, particularly for applications in highly integrated PCB products with sub-millimeter fine pitch. In this study, we developed
a highly sensitive PHR (planar hall resistance) magnetic sensor for application in highly integrated PCBs. The developed magnetic sen-
sor exhibited sufficient features of an ultra-small size of less than 340 um, magnetic field resolution of 10 nT, and current resolution of
1 mA, which can be applicable for PCB analyses. In this work, we introduce the development process of the magnetic sensing probe
and its characteristic results in detail, and aim to extend this pin-type current probe to applications such as current distribution imaging

of PCBs.
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A pin type current probe using Planar Hall Resistance magnetic sensor
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Fig. 1. The concept of the pin type current probe.
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Fig. 2. Electrical block diagram of pin type current probe using PHR.
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Fig. 3. Structure of the pin type current probe.
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Fig. 4. Explain the operation principle of AMR in PHR (a) bias cir-
cuit and AMR effect description and (b) output signal of
AMR effect vs magnetic field direction.
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Fig. 6. Design pattern of PHR Sensing part.
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Fig. 8. Fabricated PHR sensor wafer.
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Fig. 9. (a) Diced PHR sensor chip and (b) Enlarged photo of PHR
sensing part.
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Fig. 10. Sensor PCB of current probe, which PHR chip attached and
wire bonded.

Fig. 11. Probe PCB which composed with sensor PCB and amplifier
PCB.
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Fig. 12. Assembly diagram of the current probe.
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Fig. 13. Assembled pin type current probe.
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Fig. 14. Current probe and indicator, the output of the probe is con-
nected to oscilloscope.
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Fig. 15. Measurement setup for magnetic field sensing performance
using Helm-holtz coil.
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Fig. 16. Measurement setup for current sensing performance using
PCB current line.
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Fig. 17. The magnetic sensitivity graph of the probe.
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Fig. 19. Measurement result of magnetic field sensing resolution of
0.01 uT or less.

Table 1. T-test results for the 0.049uT group and the 0.057uT group.

0.049 uT 0.057 uT
Average 6.69126 8.6485
Variation 0.07732 0.2786
Number of observations 10 10
Pooled variation 0.1779
Hypothesis mean deviation 0
Degree of freedom 18
t-value -10.373
p-value 5.07E-09
t-reject value 2.1009
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Fig. 20. Measurement result of current sensing resolution of 1 mA or
less.

J. Sens. Sci. Technol. Vol. 30, No. 5, 2021



Dae-Sung Lee, Nam-Young Lee, Sung-Min Hong, and CheolGi Kim

Table 2. T-test results for the OmA group and the 1 mA group.

0mA 1 mA
Average 0.000 0.899
Variation 0.231 0.169
Number of observations 10 10
Pooled variation 0.1999
Hypothesis mean deviation 0
Degree of freedom 18
t-value -4.495
p-value 0.00028
t-reject value 2.1009
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