
 

 

Abstract—This paper reported on a two-dimensional Hall 

sensor enabling to measure the two spatial components of the 

magnetic field and applied for gauss measurement application. 

The device was operated through only five contacts and tested 

by varying the magnetic flux density from -5000 to 5000 Gauss 

(G) and using signal conditioning circuitry for amplifying and 

adjusting the both similar sensitivity. After that, the output 

signals were converted to digital signals by ADC for 

transmitting a computer using LAB-VIEW programming and 

comparison with the standard gauss meter (F.W.Bell5170). The 

result of gauss measuring application comparison with the 

standard gauss meter has done with a precision of 0.04-3.80% 

including a calibration process. 

 
Index Terms—Hall effect, Two-dimensional Hall sensor, 

Sensitivity, Signal conditioning circuitry. 

 

 

I. INTRODUCTION 

Hall effect sensor in silicon (Si) are used for 

applications in current measurement, angular 

measurement, and gauss measurement etc. Of 

particular interest is gauss measurement technique which is 

a contactless position sensing using a magnetic flux density 

and a Hall effect sensor. Conventional Hall sensor serves to 

measure the perpendicular-dimensional magnetic field 

vector (Bz). One-dimensional may not be able to get 

accurate in measurement that a Hall sensor should be 

capable of multi-directional sensing with magnetic field 

sensitivity. With such multi-directional sensing, the 

contactless detection can be executed with high accuracy. 
These two-directional (2D) Hall sensor detects 

simultaneously two in-axis z-x magnetic field components 

Bz and Bx [1,2].  

  In [3], an application of 2-D silicon Hall device for 

independent directional magnetic field measurement 

technique was proposed and experiments carried out. 

The author mentioned that the 2-D silicon hall device was 

capable of sensing in two-dimensional and independent 

directional magnetic field.  

The present paper aims at making a comparison standard 

gauss meter and gauss measurement from two-dimensional 

Hall sensor based on a simple silicon process technology. 
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The advantage of this two-dimensional Hall sensor is that its 

be capable of sensing a magnetic field one more direction, 

perpendicular-directional (Bz) and parallel-directional (Bx). 

Furthermore, signals from the device are coalesced to signal 

conditioning circuitry for amplifying and adjusting similar 

sensitivity, and then the output signals were converted to 

digital signals by ADC for transmitting a computer using 

LAB-VIEW programming and comparison with the 

standard gauss meter (F.W.Bell5170). This technique is 

capable of sensing magnetic flux density with high accurate 

measurement. Section II briefly the concept and the two-

dimensional Hall structure device. The experimental 

examination of the absolute sensitivity and gauss 

measurement technique corresponding the two-dimensional 

Hall sensor are described in Section III. Results and 

Discussion are presented in Section IV and a conclusion in 

Section V. 

 

II. CONCEPT AND STRUCTURE OF 2D HALL SENSOR  

In [4,5] it has been concluded that ideal conventional and 

vertical Hall effect sensor were combined. The two-

dimensional Hall sensor was fabricated using silicon 

technology on a p-type silicon wafer with a resistivity range 

of 20-30 Ω.cm. The aluminum was grown on the substrate 

using RF-sputtering and consequently etched for five ohmic 

contacts (i.e.C1,C2,C3,C4,C5). In the experiment, the bias 

currents were applied to C1 and C2. Meanwhile, the output 

Hall voltage was measured at C1,C2 and at C3,C4 for 

parallel- and perpendicular-directional sensing, respectively. 

C5 is the ground contact. The entire sensor has an active 

area of 600x300µm2 as figure 1.  Both the two output 

signals were coalesced to signal conditioning circuitry for 

amplifying signals and adjusting the similarly absolute 

sensitivity and comparison with standard gauss meter 

(F.W.Bell5170).  

III. THE OPERATING PRINCIPLE 

The magnetic field measurement includes two-

dimensional Hall sensor, signal conditioning circuitry, 

analog to digital converter, and computation stage. The 

diagram of measurement as depicted in Figure 2. 

In the first experiment, A bias current 1 mA was applied 

to C1 and C2 correspondingly through two resistors 

(R1,R2). C5 is the ground contact. An electromagnet 

(Ohsumi Electric Manufacture) was deployed to generate 

the magnetic field for testing, in which the magnetic flux 

density was varied between -5000 and 5000 Gauss (G). the 

output signal of both perpendicular- and parallel-field 
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absolute sensitivity were tested on two-dimensional Hall 

sensor. The Hall output voltages, in the perpendicular 

direction were taken at C3 and C4, while in the parallel 

direction at C1 and C2. Figure 3 illustrates the operating 

principle of the proposed sensor and the electromagnet. 

After that, the both output signals were connected to 

signal conditioning circuitry for amplifying and adjusting 

similar absolute sensitivity, then output signals were 

converted to digital signals by ADC for transmitting a 

computer using LAB-VIEW programming and comparison 

with standard gauss meter (F.W.Bell5170).   

 

IV. EXPERIMENTAL RESULTS 

As the results, the perpendicular- and parallel-directional 

absolute sensitivity of the two-dimensional Hall sensor were 

imposed by varying the magnetic flux density between -

5000 and 5000 Gauss. The perpendicular-directional 

absolute sensitivity of C3 and C4 was highly linear, 

corresponding to Y = 0.000146x + 0.001800, with the 

perpendicular absolute sensitivity of 0.000146 mV/G. 

Meanwhile, the perpendicular-directional absolute 

sensitivity of C1 and C2 was negligible, as illustrated in 

Figure 4. 

 

 

 

 
Fig.1 Top-view and cross-section of two-dimensional Hall 

sensor.  

 

 

 
Fig.2 The diagram of gauss measurement. 

 

 

 

 
 

 
 

Fig.3 The operating principle of the proposed sensor and the 

electromagnet.   

 
 

Fig.4 The perpendicular-directional absolute sensitivity of 

the two-dimensional Hall sensor. 
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In Figure 5, the parallel-directional absolute sensitivity of 

C1 and C2 was significantly linear, corresponding to Y = 

0.000703 – 0.005600, with the absolute sensitivity of 

0.000703 mV/G. On the other hand, the parallel-directional 

sensing was inconsequential for C3 and C4.   

 
Fig.5 The parallel-directional absolute sensitivity of the 

two-dimensional Hall sensor. 

 

The output from signal conditioning circuitry was 

amplified and adjusted the similar absolute sensitivity of 

both directions. In addition, the perpendicular- and 

parallel-directional absolute sensitivity of the proposed 

two-dimensional Hall sensor was determined by varying 

the magnetic flux density between -5000 and 5000 Gauss 

and the absolute voltage signal was measured. In Figure 

6, the perpendicular- and parallel-directional absolute 

sensitivity were 0.00102 mV/G and 0.001013 mV/G, 

respectively. The both of absolute sensitivity was 

similarly sensing.  

 
Fig.6 The both of absolute sensitivity of the two-

dimensional Hall sensor with signal conditioning 

circuitry. 

   

The output from signal conditioning circuitry was 

prepared for the gauss measuring application comparison 

with standard gauss meter (F.W.Bell5170) by varying the 

magnetic flux density from 0 to 5000 Gauss. The output 

result was analyzed and calculated using LAB-VIEW 

programing. Figure 7 illustrated the gauss measuring 

application comparison with a standard gauss meter. The 

achieved total gauss measuring application accuracy of 

the laboratory setup of the two-dimensional Hall sensor 

was 0.04 – 3.80% for the comparison standard gauss 

meter. 

 
Fig.7 The gauss measuring application comparison with 

standard gauss meter (F.W.Bell5170).  

 

 The experimental results validate the utility of the gauss 

measuring application comparison with standard gauss 

meter were listed in Table1.  

V. CONCLUSION 

This paper has proposed the ideal conventional Hall 

sensor and vertical Hall sensor by a combination that the 

two-dimensional Hall sensor was capable of magnetic 

sensing in both perpendicular and parallel directions. We 

introduced for this application the two sensitive directions 

as a first step of amplifying with the signal conditioning 

circuitry for both similar sensitivities. The result of gauss 

measuring application comparison with the standard 

gauss meter has done with a precision of 0.04-3.80% 

including a calibration process. 

 
 

TABLE I 

TECHNICAL DATA OF GAUSS MEASURING APPLICATION COMPARISON WITH 

STANDARD GAUSS METER  

Setting magnetic flux 

density with standard 

gauss meter (Gauss) 

Measured magnetic 

flux density 

(Gauss) 

Error (%) 

0 0 0 

500 481 3.80 

1000 1036 3.60 

1500 1472 1.86 

2000 1978 1.10 

2500 2483 0.68 

3000 2989 0.36 

3500 3512 0.34 

4000 3994 0.15 

4500 4503 0.06 

5000 4998 0.04 
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