
 

 

  
Abstract—Adjacent Hall microsensors, comprising a silicon 

substrate and four contacts, providing simultaneously two supply 
inputs and two differential outputs, are characterized. The voltage 
related sensitivity is in the order of 0.11T-1, and a cancellation 
method for offset compensation is used, achieving residual offset in 
the micro scale which is also compared to a single Hall plate. 
 

Keywords—Adjacent Hall sensors, offset compensation, voltage 
related sensitivity, 0.18µm CMOS technology. 

I. INTRODUCTION 
hall element is used for contactless measurement, for 
example as linear and angular positions, electrical current 

and power, etc. The Hall element, fabricated as specialized 
integrated circuits by means of CMOS technology gives a 
weak output signal (of the order of few millivolts). This signal 
is corrupted of offset and noise [1]. The reasons for these 
drawbacks are geometrical errors in mask alignment, crystal 
damage, mechanical strain and stress, non-uniform 
temperature distribution and heat dissipation in the substrate, 
thermoelectric voltage across Hall leads, non-homogeneities, 
etc. Different methods for offset compensation are known, as 
improvement of the manufacturing technologies, device 
symmetry, calibration, mutual compensation, trimming, 
spinning current offset reduction, etc [2]. The magnetic 
sensitivity or the transduction efficiency is the most important 
figure of merit of the magntosensitive devices and all other 
types of sensors. This parameter is the ratio of the variation in 
the output signal to the variation in the external magnetic field 
at a constant temperature, pressure, radiation, etc. It 
determines the conversion efficiency of the input quantity (the 
magnetic field B) into electric output signal. The options for 
enhancing sensitivity S are: 1) optimization of geometrical 
sizes of the Hall structures so that the geometrical factor G has 
maximum limit value, G ≈ 1; 2) using semiconducting 
materials as n-GaAs, n-InSb, n-Si, etc. with low value of the 
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electron concentration in the Hall plate substrate n 
(accordingly, with high carrier mobility µ) or 3) small 
thickness t of the sensor [3]. Therefore, the offset and the 
voltage related sensitivity are key characteristics for a Hall 
effect transducer. They describe its behavior to a degree that 
will allow one to design it into a larger system.  

II.  SENSORS LAYOUT AND OPERATION PRINCIPLE  
The investigated sensors are symmetrical with dimensions 

20x20µm and placed side by side (Fig. 1) and 40x40µm 
diagonal (Fig. 2). 

 

 
Fig. 1 Side by side Hall plates 

 

 
Fig. 2 Diagonal Hall plates 

 
The investigated sensors are with higher degree of 

symmetry, they are invariant under 90º rotation and the input 
and output terminals are interchangeable. The Hall devices 
have equivalent contacts and therefore some compensation 
methods can be used to suppress the offset.  
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Fig. 6 Comparison of single and double 40µm cells 

 
As it can be seen from the table the residual offset variation 

is in the order of 2µV at supply voltage 2.5V. This variation 
can be due to some equipment inaccuracy, which is not out of 
our specification. This proves that the cells placed side by side 
and diagonal do not influence each other in a negative way 
and the sensors’ characteristics cannot be affected.  

Next measurements concern the investigation of the Hall 
voltage as a function of the applied voltage supply and the 
applied magnetic field. In order the magnetic measurements to 
be performed, a circle test board was designed and 
implemented, where the necessary leads of the chip are 
connected to the switch matrix board (Fig. 7). 
 

 
Fig. 7 Circle test board 

 
The higher measured value of the Hall voltage is nearly 

2.7mV at Vdd = 3V. Fig. 8 illustrates the output signal as a 
function of the increasing supply voltage. 

 

 
Fig. 8 Hall voltage as a function of the supply voltage 

 
 
 

The magnetic field is applied perpendicular to the Hall 
plate’s surface. Next, the Hall voltage nonlinearity is 
investigated. Measurements are made at constant supply at 
magnetic fields -8mT, 0T and 8mT (Fig. 9 for 20µm side by 
side cells and Fig. 10 for 40µm diagonal cells). 
 

 
Fig. 9 Hall voltage as a function of the applied magnetic field 

 

 
Fig. 10 Hall voltage as a function of the applied magnetic field 

 
In some applications of Hall effect sensors as magnetic 

sensors, it is particularly important that the proportionality 
relation VH ~ IDDB or VH ~ VDDB holds to a high degree of 
accuracy. Here VH denotes the measured Hall voltage at bias 
current IDD or bias voltage VDD and at magnetic field B.   The 
results flatly illustrate that the output voltage of the 
investigated microsensors is linear in both directions of the 
magnetic field. 

Also voltage related sensitivity is measured and investigated 
(Table II). 
 

TABLE II 
VOLTAGE RELATED SENSITIVITY IN T-1 

VDD, V 0.5 1.0 1.5 2.0 2.5 3.0 

B, mT 8.0 8.0 8.0 8.0 8.0 8.0 

20µm 
cell 

0.104  0.104 0.104 0.103 0.103  0.102 

40µm 
cell 

0.111  0.111 0.111 0.110 0.110 0.110 
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Then, the sensitivity is calculated using (1): 

., 1−= T
BV

VS
DD

H
V

                (1) 

  
SV is the voltage related sensitivity, VH is the Hall voltage, 

VDD is the supply voltage and B is the applied magnetic field. 
Fig. 11 illustrates the results. 
 

 
Fig. 11 Voltage related sensitivity 

 
The achieved sensitivity is 0.10 T-1 for the 20µm cell and 

0.11 T-1 for 40µm cell. The difference in the sensitivity of the 
both cells is due to the fact that they are with different size 
(20µm and 40µm). From Fig. 11 the stability of the sensors’ 
voltage related sensitivity as a function of the increasing 
supply voltage is clearly visible. As a comparison, a typical 
value for voltage related sensitivity in the literature is 0.05 to 
0.08 T-1. We obtained much higher sensitivity which is a key 
characteristic for such type magnetic devices. 

IV. CONCLUSION 
This paper has reported the design, operation and 

characterization of horizontal adjacent silicon Hall 
microsensors. The devices are symmetrical and contain four 
contacts. The Hall structures for magnetic field, giving a linear 
Hall voltage and high sensitive signal are presented and tested. 
The Hall elements are ready for a wide range of practical 
applications, as metrology, automotive industry, robotics, 
remote sensing, etc. The main conclusion is that the class of 
0.18µm CMOS integrated circuit Hall sensors, with proved 
advantages, is promising and can successfully compete with 
other horizontal microdevices.  
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