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Abstract 
Hall-effect non-destructive testing is a well-established method for inspection of metallic objects in industries including 
aircraft, automotive and manufacturing industries. Hall-effect method benefits from high precision and accuracy. The 
simple process of fabrication and being inexpensive, make it an effective way for flaw detection, positioning, proximity 
switching and various application. 
This paper presents Hall effect sensors design, integration, and performance assessment. In order to predict Hall sensor 
performance prior to fabrication, a FEM modeling of the sensor is simulated in COMSOL Multiphysics. The behavior 
analysis of simulated sensor provides performance aspects that need to be achieved. Experimental results of fabricated 
Hall sensor show a good agreement between simulated and fabricated Hall sensor. 
Keywords: Hall-effect, COMSOL, NDT 
 
1- Introduction 
Nowadays, demand for fast, reliable and economical technologies to inspect instrument is on the rise, which covers 
aging nuclear and petrochemical facilities, as well as aircraft and naval fleets. Hall-effect method candidates for 
addressing many of the inspection requirements and other vital applications within industries. Existing and new 
electromagnetic NDE technologies would benefit from the development of analytical eddy current models that can 
accelerate development of appropriate inspection tools and methods for a given inspection application [1]. The 
approach of the Hall - effect method is similar to eddy current coils with the difference that, a semi-conductive has the 
role of pick-up coils in eddy current probe. The Hall effect is the production of a voltage difference across an 
(semi)conductor plate, transverse to an electric current in the (semi)conductor and a magnetic field perpendicular to the 
current. In its basic type, a current supplied by a stable AC or DC current source feeds two terminals and the Hall 
voltage is read through the other two terminals. The Lorentz force acts upon the moving charges (electrons) in the Hall 
plate, where, in the presence of a magnetic field, this force pushed charges to opposite sides of hall plate. The output 
signal is cleaning up and amplified to provide a sensitivity in the range of mV/A. The Hall-effect was discovered by 
Edwin Hall in 1876 [2]. He pointed out that the output signal of Hall sensors positively correlated to the measure of 
perpendicular magnetic fields. 
 
Hall-effect sensor benefits from high magnetic resolution, stabilization of sensors’ sensitivity and offset drift, which is a 
suitable method to measure magnetic fields, flaw detection, position detecting and contactless switching within 
automotive and industrial electronics. 
However, Hall-effect sensors suffer from imperfections that limit their accuracy and precision, as well as their use in 
high-performance measurement systems. Particularly, the sensitivity drifts due to temperature variations, mechanical 
stresses and ageing, is one of their current main limitations [3]. 
Signal to noise ratio (SNR) and offset are important features in Hall sensors performance evaluation. Hall plate shape 
plays a key role in the reduction of offset and SNR. Eliminating the sharp edges of semiconductor will effect on Hall 
sensor performance, for instance, a cross-shape semiconductor of current-mode could decline residual offset and noise 
significantly [4], besides, other investigations on conventional voltage-mode Hall transducers [3]. Furthermore, 
calibrating the sensitivity of current measurement microsystem based on a Hall magnetic field sensor is a state of art 
technique investigated by [4]. 
Several techniques have been developed in order to improve Hall sensors characteristics. However, most of them focus 
on the shape of Hall, type of current-mode or voltage-mode.  
This paper considers a step-by-step simulation on current-mode Hall sensor with a cross shape by 2D COMSOL 
Multiphysics. The modeled Hall sensor is evaluated by Verilog-A in order the to assess the simulation model. 
Moreover, a floppy disk header, which has a Hall sensor, is used for flaw detection.  
 
2-Methodology 
Where, Hall plate is used in voltage-mode, this means that the magnetic field to be measured is converted into an output 
voltage. When no magnetic field applied to Hall plate, thus no Hall voltage would appear on the two terminals of Hall 
plate, whereas, a perpendicular magnetic field in the presence of a transverse current would cause a Hall voltage, as 
shown in figure 1. In fact, any defect in the object will cause changes in magnetic fields, which appears by change of 
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Hall voltage subsequently. Hall voltage directly correlated to the severity of defect, bigger defect will result in higher 
voltage. Based on this approach, it is highly recommended to use Hall sensor as a Non-destructive testing method. 

 
  a) No magnetic field         b) In the presence of Magnetic field 

Figure 1.  Schematic of Hall sensor function 

For a simple metal where there is only one type of charge carrier (electrons) the Hall voltage VH can be derived by 
using the Lorentz force and seeing that in the steady-state condition charges are not moving in the y-axis direction 
because the magnetic force on each electron in the y-axis direction is cancelled by a y-axis electrical force due to the 
buildup of charges. Hall voltage obtained from equation (1), where  is Hall coefficient, t belongs to thickness of Hall 
plate, I and B represent applied current and magnetic field, respectively. 

  (1) 

  
 
It is also interesting to note that output signals of Hall sensors are in micro range and operational amplifier (op amp) is 
vitally important to bring the signals in a measurable range.   
As mentioned, two different types of Hall sensor, current-mode and voltage mode are widely used for modern 
applications in industries. The physical structure is completely the same with this difference of them is output signal, as 
shown in figure 2. 

 
Figure 2. a) Hall sensor operating in current-mode b) voltage- Hall sensor  

The Hall plate operating in current-mode as shown in figure 2b considered as type of Hall sensor for our investigation. 
There are two main disadvantages contributing to imperfection of Hall sensor including current spinning, which known 
as the difference between driving and extracting signal and noise. 
 
3- Simulation 
In what follows, a current-mode Hall sensor employs to a two-dimensional model simulated by COMSOL 
Multiphysics. For this purpose, a cross-shape Hall plate applied to provide a comparison between simulation and the 
Verilog-A [3]. The other characteristics of simulation listed in table 1.  
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Figure 3. Schematic of Hall plate 

 
Table 1. Characteristics of simulated model 

Items Input current Applied voltage Magnetic field Hall coefficient Silicon thickness Silicon Conductivity 
Value 12 [µA] 0,02 [V] 0 – 20 [mT] 240.3 [ m^3/C] 3e-7 [m] 4.99 [S/m] 

 
As shows in figure 3, a 12µA current applied to A and B terminals, by applying magnetic fields up to 20mT, on the two 
other terminals appears. In the presence of magnetic field, electric potentials move from terminal A and B to C and D, 
where on the C and D terminals density of electrical potential has the lowest quantity, as shown in figure 4. 

 
Figure 4. Electric potential on the Hall plate 

 
Figure 5. Variety of current on the C and D rminals 

Figure 5 shows current on the C and D terminals vary according to the magnetic fields. The dotted-circled line shows 
the output current of on the terminal C and solid-crossed line represents the current on the terminal D. The output 
current incline and decline steadily respectively, by the change in the magnetic field within the 0 to 20 mT range with 
the interval of 0.2 mT which is equal to the sum value of current input of A and B terminals. 
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In order to assess the correctness and accuracy of model simulated by COMSOL Multiphysics, a Verilog-AMS model 
applied to the investigation. As shown in figure 6, the Verilog-A model considers a Hall plate as eight resistors [3,5].  

 
 Figure 6.The model in Verilog-A using eight resistors.  

Given information in table 2, provide a comparison between results from Verilog-A and simulation by COMSOL 
Multiphysics.   and  stand for currents of C and D terminals, respectively. The results have excellent agreement, 
where the difference is less than 0.1 %.  
 

Table 2. Verilog-A and COMSOL results  
COMSOL (µA) Verilog-A (µA) Magnetic Field (mT) 

    Bz  

6,00346 5,99654 6,003373 5,996627 10 
6,00685 5,99315 6,06446 5,993254 20 

4- Experimental assessment of Hall sensor 
In this section, an experimental investigation on Hall sensor performances done. Due to limited access to Hall plate in 
Iran, in this section, a Hall sensor of floppy disk header used for constructing a Hall Effect sensor for nondestructive 
inspection. In the floppy disk header, two Hall sensors (as shown in figure 7) employed in different sides of magnetic 
plate, where both sensors are enabled to read and write data on magnetic plate.  

     
  Figure 7. Closed up of floppy disk sensor 

The header was removed from floppy disk and an excitation circuit was designed and fabricated for the Hall-Effect 
sensor. While output voltage was in micro range, to bring it in a measurable domain, an op-amp was used to amplify the 
outcomes. Under this circumstance, two op-amp circuits (with gain of 101 for each one, and gain of 10000 in general) 
connected to Hall sensor in order to achieve appropriate outputs. 
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Thus, a 9V voltage source injected to the printed op-amp circuit. Figure 8 shows a small box contains Hall sensor and 
all circuits which can be attached to provide scanning. Additionally, a BNC connector used for output cable. 
 

                        
Figure 8. Final view of Hall sensor set-up box           Figure 9. Testpiece with determined cracks           

In order to assess the performance of the constructed Hall sensor in flaw detection, a carbon steel test specimen with 
different crack sizes was employed. The specimen used for this puporse provided with  different cracks where depths 
are 1,35, 1,75, 2,4, 3,25, 3,7 millimeters (from left to right as figure 9 shows). Morever, magnetic filed was applied to 
test specimen by two magnets, and, a digital oscilloscope GW-Stek 111 used to record output signal.  
Further step, surface test speciemen scanned precisely by Hall sensor and output signals over the different cracks were 
recorded by oscilloscope. The direction of scan was from the deepest crack to the shallowest crack. It can be assumed 
that the change of magnetic field positively correlated to the size of crack. While a bigger defect causes change in 
magnetic field more severe, the amplitude of output signal for the deeper crack would have higher than the shallower 
one. 
As shown in figure 10 to 12 vertical axes belongs to voltage and horizontal axes represents time where the scales of 
voltage and time are 100mV and 1nS, respectively. For instance, output voltage for crack of 3,7 mm, is 280 mV, as 
shown in figure 10. Furthermore, this output for 2,4mm and 1,35mm cracks have brought in figure 11 and 12. 

 

 
Figure 11. Voltage output for crack of 2/4 mm 

 
Figure 10. Voltage output for crack of 3/7 mm  



IRNDT2017 

 

 
Figure 12. Voltage output for crack of 1/35 mm 

As it can be seen in the figure 13, voltage amplitude inclines almost steady according to crack depths increasing. Thus, 
calibration curve was plotted in figure 13, besides, achieved calibration equation,  illustrates that the calibration curve 
varies  linearly in term of crack depth.   
Based on information provided, tolerances of experiment result from calibration curve are considerably low, which 
depict that the constructed Hall sensor have reasonable responses in Non destructive testing.  
 

 
Figure 13. Output voltage in term of crack depth  

The results achieved within the investigation are as follows: 
Firstly, Magnitude of output voltage directly related to magnetic fields; whatever it was stronger; output signal of Hall 
sensor would be higher.  
Secondly, and equally importantly, output voltage of Hall sensor change due to presence of any defect in specimen and 
it directly increased with the size of defect, as expected. 

5- Conclusion  
In the present study, a cross shape Hall sensor with determined Hall plate is simulated by COMSOL multiphysics 
software. The output signal is measured in term of various applying magnetic fields. The results were assessed by 
Verilog-A method and it is valuable to note that the results have the maximum deviation of 1% percentage with 
available data. In the next stage, a floppy disk sensor as a Hall sensor is built and utilized to experimental assessment. 
The fabricated Hall effect sensor is used for flaw detection. The Hall sensor provides different responses in cracks with 
different depths. Finally, a calibration curve is obtained for a carbon steel specimen with different crack depths. 
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